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PREFACE. 


This book is based upon the Manwd of Logic of which 
the last edition was first published fifteen years ago. Since 
that time the need has arisen for a simpler and briefer 
treatment adapts to the intermediate university examina- 
tions to which Logic has been transferred from the final 
degree examinations. 

Moreover, controversy on the more modem parts of 
logical doctrine has had its legitimate outcome in a general 
agreement among thinkers on the subject. We are glad^ 
in consequence, to be able to adopt a less controversial 
tone than was deemed advisable in the presentation of in* 
duction in the former work. 

Especially in the material logic of method and of induc- 
tion, then, a new version was desirable, and the opportunity 
seized for a thorough revision of the treatment of the 
loi^ accepted doctrines of formal logic, and for some im- 
portant re-arrangement of topics. In particular we believe 
that much is gained by placing the treatment of * Method * 
in sdch a position that the old doctrine of the syllopsm 
is seen still to be an essential part of logical theory, and 
not nmrely an archaeological monument of the perverted 
ingenuity of our forefathers. We have also darned it 
centenient to our readers to treat of the various forms ol 
Isflaey in immediate connexion with those parts of l^^ical 
jloctrinif against which they offend. If this has (he farthm^ 
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effect of brightening the way along which the student must 
of necessity find much of difficulty, it will be all to the 
good ; and nothing is usually so entertaining as the mis- 
takes of others. 

We liavc added some questions on each part of logical 
doctrine, and we would earnestl}' urge every student who 
desires to become master of the subject to struggle with 
tliose exercises till he lias overcome them. 

J. W. 

A. J. M. 

Tjib University, Leeds, 

Junt 1911 . 



CONTENTS, 


CHAVTEH I. 


The Nature of Looio. 

SEOl'lUN PAOB 

1. Knowlodgo ... ... ... ... ... ... 1 

2. Origin and Fuiiofcion of Eogio ... ... ... ... 5 

3. Relation of Logic to othor Knowledge ... ... ... 9 

Value of T^jgic 10 

Logie and r«y cl lology ... ... ... ... ... 11 

Logic and Gr.irnrnar ... ... ... ... ... ... 12 


CHAPTER 11. 

The Laws of THOuaiiT. 


1. General Cliaracter of the Laws... ... ... ... ... 13 

2. The Principle of Identity ... ... ... 14 

3. The Prinriple of Contradiction 15 

4. The Principle of Excluded Middle .^. ... 10 

6. The Principle of yufficient Reason 17 


CHAPTER HI. 
Terms. 


1. Analysis of a Proposition ... 19 

2. Table of Divisions of Terms ... ... ... ... ... 19 

3. Individual and G cneral Term.s ... ... ... ... ... 20 

(i) Individual Terms 20 

(a) Proper Names 21 

• (6) Significant Individual Terras 22 

vii 



viii CONTENTS. 

HBCTION PAOB 

(ii) General Terms 23 

Collective Terms 24 

Collective and Dintributive Use of Terms ... 26 

4. Connotative and Non-conriotative Terms 26 

(i) What Names are Connotative 26 

(ii) Limits of Connotation 28 

(iii) Difficulties of Assigning Connotation 29 

(iv) Denotation of Terms 29 

(v) Relation between Connotation and Denotation ... 31 

5. Positive and Negative Terms 33 

(i) Contradiction 34 

(ii) Contrariety 35 

6. Concrete and Abstract 'lernis 35 

7. Absolute and Relative Terms 37 


CHAPTER IV. 
The Fbbdicables. 


1. Definition of Predicable ... 39 

2. Porphyry’s Five-fold Scheme of Predioables 39 

3. Genus and Species 40 

4. Differentia 40 

5. Proprium 41 

6. Accidens 42 

7. The Tree of Porphyry 43 

8. General Remarks on the Predioables 44 


CHAPTER V. 
Definitions of Terms. 


1. Fuimtions of Definition 46 

2. Definition per Otnvs et Differentiam 47 

3. Limits of Definition 48 

4. Principles of Definition... ... ... ... ... ... 50 

5. Formation of Definitions 54 

6. Genetic Form of Definition 56 

7. Desoriptions ^... 57 



OONTBNT8. 


IX 


CHAPTER VL 
Fallacies of Definition.. 

BEOTION I'AOK 

1. General Nature of Fallacy 68 

2. Faults in Definition 69 

(i) Concept embracing incompatible attributes ' ... 59 

(ii) JHquivocatio or Ilomonymia 60 

(iii) Figura Dktionis 64 

(iv) A dicto simplidier ad dictum secundum quid and its 

converse 66 

(v) Compoaitio and Divisio 68 


CHAPTER VII. 

Division and Classification. 

1. Logical Division 71 

(i) General Character of Logical Division 71 

(ii) Logical Division is indirect and partially material 72 

(iii) Operations resembling Logical Division 74 

2. Principles of Logical Division ... .. 75 

3. Division by Dichotomy 78 

4. Nature of Classification 81 

5.. Special or Artificial ClassificationB 83 

6. General or Scientific Classifications 86 

7. Limits of Classification 91 

8. Scientific Nomenclature and Terminology ... 92 

9. Fallacies in Division 96 

CHAPTER VIII. 

Definition and Kinds of Propositions. 


1 . Definition of Proposition 96 

2. Kinds of Propositions 96 

3. Categorical Propositions 97 

(i) Nature 97 

(ii^ Analysis 98 



X 


CONTENTS. 


BEOTIOM PAOa 

(lii) Quality ... 99 

(iv) Quantity 100 

(v) 7"ho Four fold Scliciiic of Propositions 102 

(vi) Distribution of Tonus 103 

4. Hypotliftical Propositions 104 

(i) Nature 104 

(ii) Relflction to Categorical Propositions 107 

(iii) Quality and Quantity 108 

6. Disjunctive Propositions 109 

(i) Nature 109 

<ii) Relation to Hypothetical Propositions 110 

(iii) Quality and Quantity ... ... Ill 


CHAPTER IX. 

Import of Catecorical Propositions. Diagrams. 

1. Predication 113 

2. The Predicative View 113 

3. The Class-inclusion View 114 

4. Nature and Use of Diagrams 116 

5. Euler’s Ciroles 117 

CHAPTER X. 

Fallacies Incident to Judgment. 


1. Judgment involving Self-contradiction 120 

2. Misinterpretation of Categorical Propositions 121 

(i) Avijihiholia 121 

(ii) Acemtus 122 

3. Misinterpretation of Hypothetical Propositions 123 

4. Misinterpretation of Disjunctive Propositions 124 


CHAPTER XL 

General Eemarks on Immediate Inferences. 

1. Nature of Immediate Inferences 125 

2. Kinds of Immediate Inferences 126 

(i) The Opposition of Pi^opositions 126 

(ii) Eductions 127 



CONTENTS. 


%1 


CHAPTER XII. 

Opposition op Propositions. 

BKOTION 

PAOS 

1. 

Opposition of Categorical Propositions 

... 128 


(i) Subalternation 

... 129 


(ii) Contradiction 

... 131 


(iii) Contrariety 

... 132 


(iv) Sub-contrariety ... 

... 133 

2. 

The Square of Opposition 

... 134 

3. 

Opposition of Hypothetical Propositions 

... 136 

4. 

Opposition of Disjunctive Propositions 

... 137 

CHAPTER XIII. 

Eductions. 

1. Chief Eductions of Categorical Propositions 

... 139 


(i) Obveraion 

... 142 


(ii) Conversion 

... 144 


(a) Of A propositions 

... 145 


(6) Of E propositions 

... 146 


(c) Of I propositions 

... 147 


{d) Of 0 propositions 

148 


{e) Ob verted Conversion 

... 149 


(iii) Contraposition 

... 149 


(iv) Inversion 

... 152 

2. 

Eductions of Hypothetical Propositions 

... 154 

3. 

Eductions of Disjunctive Propositions i 

... 155 


CHAPTER XIV. 

Fallacies Incident to Immediate Inference. 


1. False Opposition 156 

Plures InterrogationcH 156 

2. Illicit Conversion 157 

(i) Abstract — of an A or 0 proposition 157 

(ii) Accidens 157 

(iii) CoTisequena 158 

3. Illicit Contraposition 150 

4. Illidft Inversion 159 



contents. 


xii 


CHAPTER XV. 

General Method of Knowledge. 


SBOnON PAGB 

1. Nature of Logical Method 160 

2. Analysis and Synthesis 161 

Synthesis and Exposition 161 

Analysis and Discovery 16.3 

Relation to Physical Sciences 164 

Relation to Mathematics 164 

Relation to Wide-Reaching General Principles ... 166 

Distinction from certain Physical Processes 167 

Relation to each other 169 

3. Rules of Method 171 

4. Inferential Nature of Method 175 

Deductive and Inductive Inference 175 

5. Nature of Inference 177 

6. System 180 


CHAPTER XVI. 

Fallacies Incident to Method, 


1. Petitio Principii 

183 

Petitio qiiaesiti 

184 

Jlysteron proteron ... 

185 

Circidus in demonetrando 

187 

Universal involving particular . . . 

187 

2. Ignoratio Elenchi 

189 

Argumtntum ad hominem 

193 

Argumentum ad popvJum 

194 

A rgumentum ad ignorantiam 

194 

A rgumentum ad verecundiam 

194 

3. Non aequiiur or Non prompter hoc 

194 


CHAPTER XVIL 

General Nature of Syllogism. 

1. Definition of Syllogism 197 

Elements of a Syllogism 198 

2. Kinds of Syllogism 201 



CONTBNTS. 


CHAPTER XVIII. 

Postulates op Deductive Inference. 


SECTION PAOK 

1. Basis of Pure Syllogistio Reasoning 203 

2. I'he Dictum de omni et nuUo 204 

3. General Rules or Canons of Categorical Syllogisms ... 205 

(i) Derivation of Rules from the Dictum 205 

(ii) Examination of the Rules of the Syllogism 207 

(iii) Corollaries from the Rules of the Syllogism ... 213 

4. Application of the Rules to 

(i) Pure Hypothetical Syllogisms 215 

. (ii) Pure Disjunctive Syllogisms 216 


CHAPTER XIX. 
FiauRB AND Mood. 


1. Distinctions of Figure 217 

2. Special Rules of the Four Figures 218 

3. Determination of Valid Moods 219 

4. The Mnemonic Lines 222 

5. Strengthened and Weakened Syllogisms 223 

6. Examples of Valid Moods 224 

7. The Representation of Syllogisms by Diagrams 226 

8. Pure Hypothetical Syllogisms 231 

9. Pure Disjunctive Syllogisms ... 233 


CHAPTER XX. 
Beduction of Syllogisms. 


1. Function of Reduction ... 2234 

2. Explanation of the Mnemonic Lines 235 

3. Kinds of Reduction 236 

(i) Direct or Ostensive Reduction 236 

(ii) Indirect Reduction 238 

4. Reaction of Pure Hypothetical Syllogisms 240 



XIV 


CONTENTS. 


CHAPTER XXL 


Mixed Stllooisms. 

HKrTTON I'AGR 

1. Mixed Hypothetical Syllogisms 241 

(i) Reasoning from a hypothetical major premise ... 242 

(ii) Determination of Valid Moods 242 

(iii) Examples 246 

2. Mixrd Disjunctive Syllogisms 249 

(i) Reasoning from a disjunctive major premise ... 249 

(ii) Forms of Mixed Disjunctive Syllogisms 249 

(iii) Reduction of Mixed Disjunctive Syllogisms ... 251 

(iv) Examjilcs 25 L 

3. Dilemmas 252 

(i) Forma of the Dilemma 253 

(ii) Rebutting a Dilemma 257 


CHAPTER XXIL 

Abridged and Conjoined Syllogisms. 


1. Enthymemes 200 

2. Progressive and Regressive Chains of Reasoning 201 

3. Sorites 204 

(i) Kinds of Sorites 264 

(ii) Special Rules of the Sorites 207 

(а) The Aristotelian Sorites 207 

(б) The Goclenian Sorites 267 

4. Epioheiremas 268 


CHAPTER XXIII. 
Functions of the Syllogism. 


1. Universal Element in Deductive Reasoning 270 

2. Validity of Syllogistic Reasoning 271 

3. Limitations of Syllogistio Reasoning 275 

4. Syllogistio Fallacies 277 

(i) Abstract 277 

(ii) Concrete .f. 278 



CONTENTS. 


XV 


CHAPTER XXIV. 

Gbner/VL Nature of Induction. 


BRCrnOW PAOII 

1. Basis and Aim of Induction 279 

Enumeration of Instances 281 

Analysis of Phenomena 283 

2. Method of Induction 284 

Relation to Deduction 285 


CHAPTER XXV. 

The Postulates op Induction. 


1. The Bases of Generalisation 287 

2. Unity of Nature 288 

(i) Origin of Principle 288 

(ii) Meaning of Principle 292 

(iii) Scope of Principle 293 

3. Function of the Concept of Causation 294 

4. Nature of Causation 296 

5. Axioms of Causation 300 


CHAPTER XXVI. 


Observation. 


1. The Basis of Science 

« 

... 306 

2. Simple Observation 


... 307 

Inference 


... 308 

Selection 


... 309 

3. Danger of Bias 


... 311 

4. Scientific Instruments 


... 312 

5. Observation by Experiment 


... 313 

6. Aim of Experiment 


... 317 

7. Fallacies incident to Observation 


... 320 

(i) Non-observation 


... 320 

(a) Neglect of Instances ... 


... 321 

(6) Neglect of Operative Conditions 

... 324 

(ii) Mal-Observation 



325 



XVI 


CONTENTS. 


CHAPTER xxvn. 

Testimony. 

■ECnON PAGE 

1. Importance of Testimony 328 

2. Value of Testimony 329 

3 Criticism of Testimony 330 

4. Criticism of Indirect Testimony 335 

CHAPTER XXVIII. 

Nature of Hypotheses. 


1. Meaning of Hypothesis 338 

2. Origin of Hypotheses 339 

3. Testing of Hypotheses 343 

4. Descriptive and Working Hypotheses 344 

6. Conditions of Validity of Hypotheses 345 

(а) Statement of Conditions 345 

(б) Examination of Conditions 346 

6. Extension of Hypotheses 348 

7. Crucial Instances 350 


CHAPTER XXIX. 

The Inception of Hypotheses. 


1. The Beginnings of Induction 

353 

2. Enumerativo Induction 

354 

3. Analogy 

356 

(i) Nature 

356 

(ii) Force 

358 

(iii) Fallacies incident to Analogy... 

361 


CHAPTER XXX. 

Establishment of Hypotheses. 


1. Conditions of Establishment 

366 

2. Direct Development of Hypotheses ... 

367 

(i) Method of Agreement 

370 

(ii) Method of Exclusions ... 

?. 873 



CONTENTS. 


XTll 


OCOnON PAOK 

(in) Method of Difference 377 

(iv) Method of Couooinitant Variations 383 

(v) Method of Residues 388 

3. J/idireot Establishment of Hy|>othe8es 391 

Relation to Direct Methods 391 

Indirect Method in Geology 394 

Indirect Method in History 396 

Circumstantial Evidence 898 


CHAPTER XXXI. 
Examples op Induction. 


1. Formation of Vegetable Mould 400 

2. The Silkworm Disease 404 

3. Source of Power in Voltaic Pile 409 

4. Argon 411 

5. Henry VIII. and the Parliament of 1529 419 

6. Wave Theory of Light 424 


CHAPTER XXXn. 


Quantitative Determination. 

1. Measurement 

... 431 

2. Methcxls of determining Magnitude 

436 

(i) Method of Means 

... 436 

(ii) Method of Least Squares 

... 439 


CHAPTER XXXI 11. 
Scientific Explanation. 


1. Nature of Explanation .. 441 

2 . Generalisation 444 

(i) Empirical Generalisations 448 

(ii) Established Truths 452 

3. Systetiatisation 458 



xviii 


CONTENTS. 


BKOTIOM 

4. Fallacies Incident to Explanation 

(i) Origin 

(ii) Empirical Generalisations 

(iii} Established Truths 

Questions and Exeboisis 


Index 





CHAPTER I. 

THE NATURE OF liOGIC. 

1. Knowledge.— Meu have always thought as naturally 
as tliey have eaten, and they have found the matter on 
which their thoughts work, as well as that which satisfies 
their hunger, among the things around them. But the 
advance of what is known as civilisation is attendcid by an 
advance in man’s demands in each case. The civilised and 
cultured man rejects with e([iial disdain the rude dishes 
which gratify the palate of the primitive savage and tlie 
explanations of the phenomena of the world which sal 'sfy 
his mind. 

Such an advance would be quite inconceivable if eLtch 
generation had to start anew at the Ix^ginning of things. 
It is only because men of our day can profit by the ex- 
periences of those who have preceded them that advance 
either in knowledge or in practical efficiency is possible. 
Tliis implies that the knowledge gained by one can be 
commu iiicated to others, so that human advance is in all 
its aspects a kind of co-operative movement. In otlier 
words, without the means of communication — in its 
broadest sense, language— ^man must have failed to improve 
the character of his life as surely as the lower animals 
have done. 

There is probably no need to demonstrate at length that 
man’s advance has not been an uninterrupted triumphal 
march. Every sane person is conscious of the truth of the 
old Latin proverb “ Humanum ed errare.^* We all fall 
I. L.* 1 
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into errors — both practical and theoretical. Savage man, 
whose interests are very directly practical, avoids death 
and disaster less surely than we do with all the resources 
of medical science — that is, knowledge— at our disposal. 
And savage man can do much less than we can to lead the 
forces of nature into bondage to his desires. The great 
ocean-liner is an immense advance on the dug-out canoe, 
yet the ocean-liner at times meets with disaster. The 
express train rushing along the rails at sixty miles an hour 
is striking evidence of the extent to which man’s practical 
knowledge has advanced: that train hurling itself in 
collision upon another, which is — but ought not to be — in 
the way, is an illustration of his liability to error. In how 
many human disasters is it not possible to find the explana- 
tion in “ Some one has blundered ” ? 

Practical failures bring conviction home to all of us 
that we are not infallible. In matters of merely theoreti- 
cal knowledge we are much more apt to regard our results, 
not only as the last word which has been said on the sub- 
ject, but as the last which can be said. Yet here, too, a 
modest demeanour would be more becoming. Nor is such 
modesty at all inconsistent with justifiable pride in what 
has already been accomplished. That certainly is much. 
We do know much about the operations of many of the 
forces of nature, and we prove it by the skill and success 
with which we utilise them. But much is still unexplained, 
and the further we get from the forces^ we can use directly 
the more uncertain are our steps. The unexpected discovery 
of radium illustrates how scientific knowledge thought to 
be the most perfect may be shown to be inadequate and 
incomplete. 

Nor again have we any reason to suppose that the 
thought of this age is more final than that of earlier times. 
The path along which thought has advanced is strewn witli 
the wreckage of discarded explanations, which in their day 
were regarded as securely established, that is, as known. 
Their fate has always been due to the same cause — increase 
of knowledge. Whenever a fact, or class of facts, new to 
us is proved to exist, our thought of the nature of the 
world must find an appropriate place for it. 



KNOWLEDGE!. 


3 


§ 1 ] 

Thus in our day the theories of physics must undergo 
any modification that is needed to give such a plaee to 
radium as will permit its qualities and powers to fit into 
the general scheme of things physical. So in the sixteenth 
and seventeenth centuries men liad gradually to readjust 
their thoughts of the relations of t-lie heavenly bodies so as 
to include the continually increasing knowledge of the 
facts which the telescope was making possible. In this 
case the readjustment of the theory was fundamental — • 
the earth was deposed from the position men’s thoughts 
had for centuries assigned it, and was made but a minor 
satellite in a system whose centre was the sun. 

If we look at this striking liistorical instance we see 
that it was not the perceived facts which were proved to 
be other than men had thought : the sun, moon, and 
stars were— and are — still seen to rise in the east and to 
set in the west. No, it was only man’s theory about their 
appearance— his explanation of how they could be ex- 
plained — which was overthrown, because it could not find 
room for the facts first known when the telescope brought 
into the range of perception facts which had hitherto been 
beyond it. In this case only two theories were possible ; if 
one were rejected the other must be accepted. And the 
heliocentric tlieoiy has been found to accommodate within 
its scope all subsequent discoveries of pertinent facts. So 
we regard it as certain — that is, as established truth. 

It appears, then, that man seeks explanations, but that 
his explanations are subsequently discai’ded if they are 
found not to account for growing knowledge. This is to 
say that he regards consistency in the whole sphere of his 
knowledge as the one essential condition of sane thought. 
If the facts are so and so, then the explanation must fit 
them. For the facts constrain us. They are parts of the 
real world of things of which each one of us is also a part 
— and they are the parts which are most directly open to 
our experience. 

The explanations, however, are constructions, made by 
our own minds, of possible relations between things ; and 
they may, or they may not, reproduce in thought the 
relation^ which really exist. The savage believes the 
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tempest to be raised by a spiritual enemy. We, equally 
with him, accept the tempest as real, but we reject his ex- 
planation of its origin as not in correspondence with the 
truth. And this rejection is based on fuller knowledge 
of natural occurrences than the savage has attained. To 
us many things are 'natural* because we can explain 
them by relations of j:hing to thing, which to the savage 
are ' supernatural ’ because inexplicable by any known 
relations of natural things. 

Human thought, then, accepts the facts of experience, 
and tries to explain them. The explanation always takes 
tlie form of fitting them into such a system that each one 
of them appears as the necessary result of the assumed 
relations of the others. Into such a system no contradic- 
tion can be admitted ; that immediately destroys it. The 
whole advance of science — i.e. of exact knowledge, no 
matter what the topic — is the building up in thought of 
such systems. Eiich science has its own system. Chem- 
istry regards material things from one point of view, 
physics from another. Yet they study the same objects. 
So that thought must not only demand that chemistry 
be consistent with itself and physics with itself, but that 
chemistry and physics be consistent with each other; and 
so throughout. 

Our separate sciences, then, are all concerned with the 
same great system of things which we call the world or 
the universe. But each deals with only one aspect of it — 
that is, with one class of the forces which make it what it 
is. Because of the frailty of our intellects it must be so, 
for no mind is powerful enough to embrace more than one 
very small corner of existence. Each science works in 
its own artificially segregated domain, but in reality these 
domains interpenetrate. So if the sciences are together 
to explain that reality they must not only be actually in 
harmony but must be seen to be so in their own relations 
to each other. 

It is plain, how’^ever, that we are far indeed from this 
complete construction in thought of what the universe is 
in reality. Each science is, as it were, working largely in 
the dark as to the bearing of its results on the •general 
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scheme of things. Surely we have here an unanswerable 
proof that our knowledge is very imperfect, and that our 
explanations, therefore, may need more or less profound 
modification as that knowledge increases. 

So far we have spoken only of the knowledge of man- 
kind as a whole, and we have seen that in ii.s gradual 
growth it has had to reject some of its beliefs and to adapt 
others by profound modifications to meet the new con- 
ditions of thought due to increase of knowledge — often of 
the most unexpected kind. But if all this is true of the 
combined searcli of men after truth, how much more is it 
true of the efforts of individual eiujiiirers ? One need not 
go outside one’s memory of one’s own life to find plenty of 
examples in whicdi one’s own though!/ has been proved by 
subsequent experience to be wrong. Have we not har- 
boured suspicions afterwards seen to be unjustified V 
Have we not believed explanations which we now reject ? 
Have we not discovered errors of thought in others ? 
Have they not believed that they have found similar 
errors in ourselves V 

Tliere is no need to labour the point. Every 6ne who 
thinks at all knows that at times he thinks wrongly — that 
is, the system he constructs in his thoughts does not corre- 
spond to the relations which hold in reality. His mistakes 
may or may not be found out either by himself or by 
others. In matters of small moment many such errors 
never are discovered, for the time once pas^ no more 
thought is given to the matter. If, however, further 
knowledge in any form is brought to bear, then any 
inconsistency may become manifest, and the fact of error 
is laid bare even though the exposure does not carry with 
it in all cases the power of rectification. 

2. Origin and Function of Ijogic. — The liability to 
error in thought naturally raises the question whether 
rules can be laid down by adherence to which such error 
can be avoided. Can we set forth a scheme by following 
which thought can advance safely and surely ? The idea 
is a temj^ting one, and for centuries men believed it to be 
realised. Unhappily in those very centuries men’s know- 
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ledge of tlie world in which they lived made little, if any, 
advance. 

The reason is not far to seek. Such a universally 
applicable instrument of thought assumes of necessity 
that the validity of thought can be estimated apart from 
the matter thought about. In a very narrow sense it can. 
Witliin the four corners of any given argument it can be 
decided wheiber the thought is consistent with itself — 
whether thti conclusion is rightly drawn from the given 
premises. But it can go no further. And if we wish to 
know the world, or any part of the world, we need further 
to ask whether the premises are true, and if so whether 
tliey are sufficient, and whether the conclusion agrees with 
fact. In short, we want, not a little artificial system of 
thought, shut up in itself and claiming validity merely 
because in these narrowest of bounds it does not contra- 
dict itself, but a system which is in relation to all other 
systems both of thought and of existence and the validity 
of which must be judged as a whole by its relations to 
those systems, not by its own little insignificant self. 

‘ If S is M, and M is P, then 5 is P ’ is no doubt true 
no matter what 5, M, and P may be held to represent, so 
long as each remains uniform in its reference. But the 
essential questions remain — whether S is M and M is P\ 
whether these two statements are all the knowledge that 
we have pertinent to the case in hand ; and whether ‘ S is 
P ' is true in fad, in just that form. 

This traditional Logic, then, which claimed to lay down 
the laws of pure thought~?.e. of thought considered by 
itself and regardless of the matter on which it was exer- 
cised — was powerless before the vast complexity of reality. 
It could deduce consequences from given data, and so long 
as men were agreed on the ultimate assumptions which 
could be made, the application of this logic in argumenta- 
tivo discussion went merrily on. Eventually such agree- 
ment became largely traditional — men tacitly agreed to 
accept as true adl that certain authors of antiquity — 
especially Aristotle — had written, and to reject as false 
all that was not to be found in their writings. The 
result wa^ much acuteness of thought and consequent 
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clearness of mental vision as to what is really involved in 
general statements — a point in which the modern mind is 
apt to be far inferior. But from the very nature of this 
conception of logic and of thought men’s minds were 
thrown back on themselves, and occupied themselves with 
their own thoughts regardless of their origin or of their 
agreement with the real world. As a natural result the 
knowledge attained of mental processes was much more 
valuable than that which was gained of the external world. 

Yet this logic was not valueless, and it is subject of 
regret that the conviction of its inadequacy has led to its 
general neglect Men continually make errors in reasoning 
of the most elementary formal character, and their readers 
or liearers fail to detect tliem. Distinctions are ignored 
or dismissed as “ verbal quibbling ” which yet have a very 
real pertinence to the matter in hand The general neglect 
of a study of the formal implications and relations of pro- 
positions has been accompanied by an appalling amount of 
inaccurate and careless reasoning, and by a slij)shod habit 
of mind which is much to be regi'etted. 

With the growth of interest in the world of things and 
forces, the inadequacy of the formal logic of pure thought 
led to its being more and more despised. Bacon set him- 
self to substitute for it a new organon ” or instrument 
of thought, though his effort was not markedly successful. 
Indeed, the hour was not yet, come. The mediaeval notion 
that logic is the art of thinking, and that its pnovince is to 
dictate to men how they should think, had first to be given ^ 
up, for it rested on a false conception of the relation of 
theory to practice. 

The truth is that in every department of activity prac- 
tice comes first. We learn to do things before we attempt 
to discover the general principles that doing has involved. 
So men fell themselves, and- saw other things fall, long 
before they hit upon the theory of gravitation as the 
principle unifying all those diverse facts. Just so men 
learned the new processes of thought practically in the 
very attempt to penetrate the hidden mysteries of things. 
They liad to invent modes of ascertaining facts more 
exactly than by casual observation, and to utilise those 
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facts when found. Thoughts are at once processes and 
results, and thoughts were what men were seeking. Their 
interest was in reaching knowledge — that is, systems of facts 
and explanations by relation of fact to fact that would 
stand the onslaught of new discoveries. Many ways they 
tried, and some they abandoned as unfruitful. Others they 
found effective, and gradually set themselves to perfect. 

There, then, was the material for the new logician — the 
systematiser of real thought, not merely of ‘pure’ or 
empty thought. It was not a little because the old 
logicians stood aloof and declared that logic had nothing 
to say to the march of real knowledge — was indifferent to 
truth, as Mansel maintained — that men of sense said “ All 
the worse for logic.” Tlie time when logic could dictate 
to thought was long gone by. So when the upholders of 
‘logic* took up this preposterous attitude they only 
succeeded in drawing contempt upon their science. 

That time is happily passing away. The scientific worker 
sees the value of a systematic exposition of the principles 
which can be found inherent in successful attempts to win 
explanation, though he is still often shy of naming such 
an exposition ‘logic.’ On the other hand, the present- 
day logician is a much more modest person than was his 
early Victorian predecessor. He is content to follow the 
advance of knowledge, and no longer claims to dictate to 
it the way it should go. From successful workers in 
science he learns, in the words of the late Lord Acton, 
“ how to test proof, how to secure fullness and soundness 
of induction, how to restrain and employ with safety 
hypothesis and analogy.” 

We may say, then, that there is a general agreement 
that by analysis and comparison of actual pieces of suc- 
cessful thought there may be formed a body of common 
principles, though, of course, those principles are found 
under various forms according to the kind of matter 
tho.ught about. The kind of evidence which will establish 
a truth in history is different from that which will estab- 
lish one in physics ; yet both must in some way be 
adequate, and from examination and comparison* of the 
relation of evidence to conclusion the general conditions 
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of adequacy may be ascertained. The systematisation of 
such principles of validity in thought yields the science 
of Logic, which may, indeed, be defined as the science of 
the principles of valid thought. 

3. Relation of Logic to other Knowledge. — Shall we 
say, then, that the province of logic is a wide or a limited 
one ? It is wide surely in the sense that it is interested 
in all thought and so embraces all the sciences. But it 
is limited in its power to express adequately the grounds 
of men’s conclusions. It can say tliat if such and such 
evidence be true and be all that is pertinent, then such 
and such a conclusion is justified or unjustified. But 
whether the particular evidence is true and is adequate 
logic cannot pronounce. Tliat is the domain of the parti- 
cular branch of knowledge to which the case most de- 
finitely belongs. 

Is, then, logic of only theoretical interest ? Probably it 
is true to say that that is its chief attraction to most 
people who study it, just as in geometry the demonstration 
of necessary relations of space is essentially the scientific 
interest. But as the theory of geometry is derived from 
examination of actual space relations, it may be consciously 
applied to new cases, and may be used critically to judge 
the value of new space-constructions. And the same is 
true of logic. For as logic results from analysis of actual 
thought — and not otherwise — it is evident that men both 
can and do think without any conscious use of logic, and 
certainly without any preliminary study of it. Some think 
^ well, Sv^me ill. Or peril aps it would be truer to say, all think 
sometimes well, sometimes ill, though the proportions of 
the ‘ sometimes ’ are difi'erent with different people. Logic 
is derived from thought about thought, just as botany is 
derived from thought about plants. So logic could no 
more originate thought than botany could originate plants. 
In each case that is “putting the cart before the horse.” 
And ill the same sense in which botany may be said to be 
inherent in plants logic may be said to be inherent in 
thought. 

We g»Rnt then that the study of logic is not a pre- 
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liminary to thought. Further, when men criticise each 
other’s arguments they do not usually consciously apply 
logical principles — that is, they do not separately enunciate 
such principles though they implicitly use them. Yet 
further, we will grant that even the professed logician does 
not call to mind the principles of his science when he sets 
himself to think about some other topic. 

All this is not to deny a practical value to the study 
of logic. But no service is ever done to a good cause by 
claiming too much for it. We have seen how logic has 
suffered from its friends in the past, and we would save 
it from such damaging support in the future. So we 
assert frankly and unreservedly that the practical value of 
logic to the student thereof is indirect, and only indirect. 

The clear apprehension of the conditions of validity of 
thought helps to form a critical habit of mind and to 
develop a fine scent for fallacies. Modern life with its 
incessant platform chatter supplies endless occasions for 
the application of this power; if these opportunities are 
seized it grows in strength and in efficiency, and it may 
be added that the more unconsciously it works the more 
effective it is. It follows that the student of logic will do 
well to work special exercises — special because made simpler 
than the common experiences of life. 

This habit of mind will guard us against the abuse of 
logic itself. People often, we know, scornfully dismiss 
many arguments as “mere logic.” No doubt in many 
cases that is only following the old advice to shelter a weak 
case behind abuse of the adversary’s attorney. But not 
always. It is often felt that the argument, though unex- 
ceptional in itself, does not meet the requirements of the 
case ; in other words that to some extent it is of the nature 
of that narrow formal logic of ‘ pure * thought of which 
we have spoken. The really logical mind apprehends when 
this is tlie case — that is, when cdl the evidence is not brought 
forward — even where it cannot supply the deficiency. And 
this is a great point. In matters that concern actual affairs 
of human life it is seldom that all the evidence can be 
explicitly set forth. Why do we distrust so-and-so ? We 
can probably give som$ definite reasons, but we ire com 
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scious that from our relations with him there has been 
derived a great mass of unfavourable impressions which 
have never become sufficiently definite to l>e formulated in 
words. And it is only with thoughts that can be expressed 
in words that logic can deal. This is evident when it is 
remembered that logic must be general, and can therefore 
only be based on recorded thoughts. 

A little consideration will convince the reader that 
though words do express thoughts they do so more or less 
inadequately. In fact many things we cannot express, 
and when we do resort to expressions in speech, tone of 
voice, gesture, circumstances in which we speak, all add a 
colour of meaning which the mere naked words cannot con- 
vey. It follows that logical thought is most successful in 
dealing with matters into which the element of personal 
feeling does not appreciably enter. So it is that the con- 
clusions of the physicist and the chemist meet with more 
universal accept^ince than do those of the historian and the 
economist. 

Perhaps it is true to say that the chief obvious practical 
use of logic is the negative one of detecting error. Though 
negative this is of the first importance, for to clear away 
error is the essential first step in the advance towards t ruth. 

With a perfect and universal knowledge, logic, in a 
sense, would indeed be the universal science. With know- 
ledge in its present fragmentary condition, it must partly 
accept its data from outside itself — as, indeed, all the 
sciences have to do. But with all branches of knowledge 
logic has a general connexion. With those which inves- 
tigate the processes of men’s minds and the modes of 
man’s expression in speech — i,e. with psychology and 
grammar — the relation is more intimate. Yet in neither 
case does logic merge in the other, or the other merge 
in it. Psychology deals with the actual ways in which 
men think, whether ill or well. Logic is ideal in that it 
concerns itself directly only with valid thought, and with 
invalid thought only indirectly and with the object of 
making clear how and why it is invalid. A yet more im- 
portant distinction is that psychology deals with thought 
as part of the life process of individuals: logic is not 
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concerned with individuals at all ; it looks at thought 
in quite a detaclied and inipersoiuil way. Nor can logic 
consider— as psycliology is bound to do — liow the thoughts 
of actual men and women are determined by other con- 
siderations than those of reason. There is no more call to 
confuse logic and psychology than to confuse physics and 
chemistry. 

Similar remarks apply to the relation between logic and 
grammar. The former considers speech only indirectly as 
a vehicle of thought : it is concerned with meanings only, 
and demands that those meanings shall have a certain 
amount of definiteness and stability. Relations of words 
are of interest only as affecting meaning. Grrainmar, on 
the other hand, is only indirectly concerned with meanings. 
It explicitly deals with the relations of words. So that 
what is primary in logic is secondary in grammar, and 
what is secondary in logic is primary in grammar. It 
follows that the distinctions of grammar have no neces- 
sary connexion with those of logic, nor those of logic more 
than an indirect and subordinate bearing on grammar. 
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THE LAWS OE THOUGHT. 

1. General Character of the Laws. — The Latos of 
Thought, llegvlative Princij^les of Thought, or Postulates of 
Knowledge are those fnndainent-al, necessary, formal, and 
d priori mental laws in aj^reeriient with which all valid 
thought must be carried on. They are d irriori, that is, they 
are assumed in all the processes of reason exercised upon 
the facts of the real world. They are formal ; for, as in- 
volved in all thinking, they cannot by themselves ascertain 
the definite properties of any particular class of things. 
They are necessary, for no one can either conceive them 
reversed or knowingly violate them, because no one ever 
accepts a contradiction which presents itself to his mind as 
such. 

It is true that fallacious reasoning is common enough, 
but this springs from a misapprehension of meaning, or 
from a confused use of terms, for which the ambiguities of 
language give abundant scope. Especially in long and 
involved reasonings, the force of terms is often uncon- 
sciously modified, and even entirely changed, or inconsistent 
judgments are accepted, witli the result of invalidating the 
argument ; but, at no stage of the process does the reasoner 
consciously accept a contradiction. 

As always operative in thought, the Laws of Thought 
are laws in the scientific sense of uniformities ; when 
applied practically to govern and test arguments, they 
are laws in that other sense of the word in which we speak 
of laws of the land. They are Postulates of Knowledge 
because they are involved in all attempts at interpreting 
experience, that is, they are assumptiona without which 
thought^cannot even begin the w6rk of reducing to order 
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the chaos of sense impressions. Into the justification of 
these postulates logic does not enter. It assumes them 
because it finds them assumed in every piece of correct 
thought, and it aims at expressing them as perfectly as 
possible. 

With regard to their number, formal logicians have 
generally recognised only three such laws of thought — the 
Principles of Identity, of Contradiction, and of Excluded 
Middle, for they only are implied in thought considered 
narrowly as simply consistent with itself. But for the 
wider view now adopted in which logic deals with the 
attainment of truth about reality there is needed a fourth 
principle — that of Sufficient Reason. 

2. The Principle of Identity. — The simplest state- 
ment of this law is the formula A is A ^ or, as Leibniz 
put it, “ Everything is what it is,*^ It demands that, 
during any argument, we use each term in one unvaried 
meaning. 

No difficulty can be experienced in understanding, and 
assenting to, such propositions as ^ is Ay B is B, But 
they convey no real information. To say a thing is itself 
tells no more about it than does the bare mention of its 
name. Identity must be interpreted in such a way as to 
cover such propositions as A is By which we are continually 
making, and which experience tells us are justified by 
facts. We say “ Gold is yellow,” ** Lions are fierce,” and 
such statements are capable of conveying real informa- 
tion. No doubt such propositions imply the form A is A • 
“Gold is yellow,” does not mean that all yellow things 
are gold — that is, that gold and yellow are convertible 
terms; nor yet that gold is any yellow, but only gold- 
yellow. But this analysis is not actually made in thought, 
nor is it necessary. Identity is really expressed in the 
proposition A is B, viz. the identity of the things to which 
both names, ^ and By c.an be applied. 

But this identity is expressed amidst a diversity of mean- 
ing ; the two names have not the same signification, and, 
hen^e, the proposition, in which they are conjoined, is 
capable of giving real information. In truth, it* is only 
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amidst some diversity that we know identity at all. I am 
the identical person I was ten years asjfo, and yet I have 
changed ; individual men all differ from each other in 
tnany points, yet all share in the common nature of 
humanity.' 

When, then, we say A >1, we mean that a thing remains 
itself even amidst change, and that a common nature is 
manifested in different individual instances. In this sense 
the principle is the fundamental justification of the affirm- 
ative judgment. 

3. The Principle of Contradiction. — This Principle, 
which would be better named The Principle of non- 
contradiction, is most simply expressed by the formula 
A cannot both he B and not he B. 

On this axiom, together with that of Identity, is based 
all immediate inference from affirmative propositions. It 
denies that the same thing can, at the same time, both possess 
a certain attribute and not possess it ; and, as thought 
must be self-consistent, that we can conceive a thing as 
once both possessing and not possessing the same attribute. 
The same statement cannot be, nor can we conceive it as 
being, at the same time both true and untrue ; nor can the 
same thing at once be strong and yet not be strong. iJif- 
ferent parts of the same object may, of course, possess in- 
compatibl", attributes; one end of a bar of iron may be 
hot and the other, in common parlance, cold, but the same 
end cannot at once both be hot and not be hot to the same 
person ; and our propositions must refer to the same end, 
as otherwise, not l^ing made of identically the same 
subject, they would not be contradictory of each other. 
Similarly, the same end of the bar may at one time be hot, 
and, at another time not be hot ; but there would be no 
contradiction in asserting this, for judgments refening to 
the same subject at different times are not the same 
judgment. 

A judgment does not change with time, but op.oe true is 
always true. Contradictory judgments, therefore, must 
refer to identically the same subject at identically the Sftme 
time ; they must assert incompatible attributes as standing 
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in the same relation, including that of time, to the same 
subject. Of course, there must be perfect sameness of 
sense both in the single terms of the contradictory proposi- 
tions and in their affirmation and negation ; the proposi- 
tions must be contradictories not merely apparently and in 
words but in reality and meaning. 

4. The Principle of Excluded Middle. — The Prin- 
ciple of Excluded Middle between two contradictory judg- 
ments is most clearly expressed by saying A either is, or is 
7ioty B. 

idiis principle of thought has been questioned, and even 
denied, by Avriiers who have confounded contradiction with 
other forms of incompatibility, especially contrariety, as 
e.ij. hot and cold, happy and miserable. But, while con- 
trary terms mark the utmost possible divergence, con- 
tradiction is simple negation. There are, of course, many 
intermediate stages of grey between the contrary attributes, 
black and white; and many varying degrees of warmth 
between the contraries, hot and cold. There are, then, 
many alternatives besides the propositions. This paper is 
white — this paper is black. This water is hot— this water 
is cold. But there is no third alternative whatever be- 
tween the contradictory assertions, This paper is white — 
this paper is not white, This water is hot — this water is 
not hot. 

It has been urged, as proof that contradiction is not 
thus exhaustive, that there is a mean between plus and 
minus y viz. zero ; but here again, ^ve luive contraries, not 
contradictories. A mathematical quantity must either be 
positive, or not be positive ; iuid, if the latter, it may be 
either zero or negative. Similarly, one given thing need not 
be either greater or less than another given thing, because 
* greater * and * less ’ are not contradictories, and there 
is a mean, ‘equal to,’ between them; but a thing must 
either be greater or not be greater than another given 
thing, and, if it be not greater, it may be either equal it 
or less than it. 

In short, great care is necessary to avoid the confusion 
of judgments whose predicates are contrary terms with 
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those whose predicates are contradictories ; it is so easy to 
make the negation, which should only deny a strict agree- 
ment in all points, imply a thorough- going and complete 
divergence. If a man is declared not guilty of a certain 
crime people are inclined, thereupon, to attribute to him 
perfect innocence; whereas there may have been any 
degree of approximation to full guilt which yet fell short 
of it. The denial of guilt as the accusation puts it leaves 
open the possibility of some less degree of guilt ; in many 
cases, further enquiry is invited rather than barred. 

The Axiom of Excluded Middle is necessary, in addition 
to those of Identity and Contradiction, to form a basis 
for some forms of immediate and mediate inference. It 
expresses that our power of thought is limited in that we 
cannot help accepting one or other of two really con- 
tradictory statements. 

Of course, the same limitation to a definite point of time 
holds here as in the Principle of Contradiction. So, by 
the Principle of Contradiction we are forbidden to think 
that two contradictory attributes can be together present in 
the same subject ; by that of Excluded Middle we are for- 
bidden to think they can both bo, at once, absent; l^iit no 
help is given us to decide which must be present and w hich 
absent. 

Prom the point of view of language the three principles 
above discussed may be summed up by saying that when- 
ever we use a term we must be understood to use it in its 
full meaning both (1) ])ositivoly and (2) negatively, and 
(3) it must either be given or denied to everything what- 
ever. That is, the use of a term asserts all the attributes 
it implies, and denies all others which are incompatible 
with those ; and everything must eitlier possess all those 
attributes or be without some, or all, of tliem. 

5. Tlie Principle of Sufficient Reason. — The Prin- 
ciple of Sufficient lieason may be expressed in the words 
of Leibniz, who first distinctly formulated it : — “ Whatever 
exists or is true must have a sufficient reason why the thing 
or proposition should he as it is and not otherwise,''*^ 

* * Cf. Monadologie, §§31 39, 


J. L. 


2 



18 


THE LA.WS OP THOUGHT. 


[CH. 2 


Here are two quite different things : (1) the reason why 
an event occurs, (2) the reason why we make a statement, 
and these by no means always coincide. Science attempts 
to explain the former and to account for the occurrences 
in the natural woi-ld. This it does by finding what body 
of conditions produces the event; and the relation thus 
<'8tablis}ied is known as Causation. But a statement of 
an event may be justified in other ways. For example, if 
r fiinl the ground covered with snow in the morning, I say 
it has been snowing during the night ; the reason for my 
statement is the presence of the snow. But this is the 
effect of the physical causation, and the reason for the 
presence of the snow is to be found in certain meteoro- 
logical conditions of humidity and temperature. 

Thus the physical e(fect is oftoi the cause of the state- 
ments Ave make, though, of course, in other cases the two 
causes coincide, and tlie cause of my statement is also the 
cause of tlie physical event. 



CHAPTER III. 

TERMS. 

1. Analysis of a Proposition. — Tlic simplest element 

of tliouglit is the and the* verbal expression 

of a judgment is a proposition. When a proposition is 
expressed in its pei-fect logical form it is seen to consist 
of threes parts - 

(a) Sometliin<; of which the assertion is miide^ called 
the Subject. 

(h) Soinethiiif' affirmed or denied of the subject, called 
the Predicate. 

(c) The verb is, either alone or accompanied b;j not, 
by means ot which the assertion is made, called 
the CojmJn. 

The Subject and Predicate are called the Terms 

(from Lat. teiminus, or boundary) of the Pfoposition. 
They are the verbal representatives of the things, and of 
our concepts of them, between which the judgment affirms 
a relation. Both, therefore, must be names of objects 
or of attributes. Names may consist of a single word, as 
* horse,’ ‘ London,’ or of a combination of several words, 
AS * The First Lord of the Treasury,’ ‘ The House of 
Commons.’ Logic considers names only as actual or 
possible terms of a proposition. 

2. Table of Diiirisions of Terms. — Terms may be 
divided in various^ ways according to the point of view 
from which we regard them. The following Table sets 
forth tliese different divisions, and the principle upon 
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which each is founded. Of course, each group is ex- 
haustive and independent; every term must fail under 
one or otlier of the members of each. It may be remarked 
that (i), (ii), and (iii) are the only divisions which are 
logically important, for they alone are founded on logical 
considerations. 

(i) Individml and General— names of individuals 
or of memlwirs of classes. 

(ii) Connoiaiive, and Non-ronnntatire — as names cap- 
al)J(^ <jr incapable of definition. 

(iii) Poaifive and Negative — as names implying the 

presence or the absence oL‘ some quality. 

(iv) Concrete and Abstract — as names of olqects or of 

att ribute's and n'lations. 

(v) Absolute and Itclaiive — as names implying or not 
implying a mutual determinat ion of meaning. 

A further division into Uni vocal and Eguivocal terms is 
sometimes made. But this is entirely a matter of lan- 
guage. Whenever tlie same word serves as name for two 
or more distinct classes of things -as, e.g.^ sleeper, which 
may mean either an individual asleep or the support 
of rails on a railroad — we have logically a plurality of 
terms, for the word in each of its meanings is a distinct 
and separate term, representing a distinct and separate 
concept. 

3. Individual and General Terms. — (i) An Indi- 
vidual Term is one which can be affirmed in the 
same sense of only one single thing. 

Thus, ‘ London ’ can be used in the same sense of only 
one place, though more than one place may have this same^ 
name ; ‘ honesty ’ denotes only one quality, though it may 
be possessed by many individuals ; ‘ this book ’ is limited 
to one single volume, and can only be understood by a 
person who knows what particular book the speaker is 
indicating. So, ‘ The present King of Enghind,’ ‘ The 
ribhesi man in the world,’ ‘ The longest river in Europe,’ 
are all Singular or Individual names. • 
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But an exaiui nation of tlioso aiu^ similar examples will 
show that, thoii{^l\ Ihev are all names of imUvuluals, yet 
they^liftm- from each othc‘r in <hal, while some of them tell 
us of some quality possessed by the ihinj^ tliey denote, 
others do not. Of the latler kiiul are ‘ ITouesty ’ and 
* London.’ Siu-h teruis as hom*sty will be discussed under 
the head of Abstract Terms. 

(a) ‘London’ belongs to that subdivision of Sinj2fular 
Terms called Froj er Naines^ which m:iy be thus delined — 

A Proper Name is an arbitrary verbal sign whoso 
sole function is to indicate an individual object. 

It may be thought that such mimes tell us a. great deal 
about individuals ; that ‘ London,’ for instance, tells us 
that the olqect spoken of is a large city, situated on the 
Thames, th(', Capital of the British Empire, and many 
other particulars about it Avith which we may happen to 
be acquainted ; but this is to confuse our knowledge of 
the thing, obtained from all kinds of sources, with the 
meaning implied by tlie name, Tluj word ‘ London’ in- 
forms us of none of tliese things; it may svggest \hem by 
association of ideas, in the same way as heading a song 
which we haA^e heard before may suggest the ro"ni in 
which Ave first heard it or tlie person Avho then sang it; 
but ‘ London ’ no more means these suggested partiiuilars 
than the melody of the song means a place or pe.rson. 

Care must tlien be taken to distinguish belAveen impli- 
cation and suggestion. Suggestion is purely a psycho- 
logical fact. Logically, the point is that a propei- name 
is given as implying a certain meaning, that is, on 
account of the possession of certain attributes, but as a 
mark of recognition. 

The fact that more than one object may receive the 
same Proper Name does not disprove the assertion that all 
such names are singular or individual. Thousands of 
men may be named Brown, and the same name may be 
borne by many dogs, horses, and other things ; for instance, 
a town could be named Brown as appropriately as Wash- 
ington, Gladstone, or Peel, all of Avhich names are thus 
employied. But the name is given to no two of these 
objects in the same sense. As it is simply a mark of 
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icle II UK cation, it does not matter lo{^ically to how many 
people or things it is applied. 

(h) Significant Individual Terms. Proper Names are 
tlie simplest singular or individual terms. But the in- 
dividual tilings wo may wish to refer to are too numerous 
for us to give each of them a Proper Name of its own, 
and, sometimes, when a Proper Name has been given it is 
unknown to us. We are, therefore, often driven to use a 
(xoneral Name witli a limiting word to make definite its 
applicability to only one object. 

The simplest means of doing tliis is to use a demonstra- 
tive word — as This pen is bad ; Let us go for a walk by the 
river. Here we are, in both cases, referring, in a perfectly 
determinate simse, to only one object, and the name is, 
therefore, singular. No doubt, in the latter case, the 
river has a Proper Name i)f its own ; but in speaking of 
very familiar objects we often use such a limited General 
Name in preference to the Proper Name. 

Again, we may use a many- worded name because it is 
our oidy means of indicating definitely the object to which 
we wish to refer, as its Proper Name may bo unknown to 
us; thus, if we speak of ‘The inventor of the Mariner's 
Compass,’ ‘ The writer of the Letters of Junius,’ or ‘ The 
m in in the Iron Mask,’ we may be using the only means 
in our power of designating the jierson we mean. 

In other cases, such a many- worded name may be used 
because there can bo no doubt as to its application ; as 
when we say ‘ The leader of the House of Commons,’ 
or ‘ The present leader of the House of Commons.’ Re- 
garded from a point of view limited in respect of time this 
name can only refer to one definite person, and is, there- 
fore, individual. Had we said simply ‘ Leader of the 
House* of Commons ’ the name would not have been 
singular, but general ; for it could then be applied in the 
same sense to many individuals; the prefixing ‘The’ or 
‘ The present ’ limits its application so long as ^ye restrict 
ourselves to one point of time. In all such cases, however, 
it is the office, not the individual who holds it regarded 
simply as a man, to which the term primarily ref^i's, and 
such holding of office it really implies. 
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It is evident that singular names of this second kind 
have meaning; they are signijicant — for they not only 
point out one member of a wider class, but, at the same 
time, inform us that it does l)elong to iliat class, and has 
at least one at<ril)ute which marks it out from every other 
member of tlie class. In short they are from the point of 
view of meaning very like class^names, but the class can 
contain only that one member. 

(ii) A General, Common, or Class Term is ono 
which can be applied in the same sense to each of 
an indefinite number of things ; as book, man, dog. 

Subjectively conaid9re<l, a General Term is the verbal 
sign of a General Notion or Concept. A IVoper Name 
indicates an individual directly, but a General Name <loes 
so indirectly, for such a name is given because the indivi- 
duals to which it is applied, and from an examination of 
wdiich tlie concept is formed, possess some attribute or 
attributes in common. The name, then, implies the 
possession of cerlaiu common cjualiti(*s by every indi- 
vidual object which bears it, and, thus, has a meaning 
in itself. This likeness constitutes the similar objects 
a class, and, hence, a Genciul Term is often called a. Class 
Term. 

It is not necessary for a true General Term that it should 
be really applicable to a plurality of objects, or indeed to 
any real physical obj(‘ct at all ; it is suflici(*nt for it to Ix^ 
potentially thus applicable; that is, for it to represent 
a possibly real, or even an absolubily imagiiiSiry, class of 
things, because of their p)Ossession of some common (juality 
or qualities. For instance, ‘ Con({ueior of England,’ 
‘ Emperor of Switzerland,’ and ‘ Centaur ’ are true 
General Terms ; though the first is really applied to only 
one historical individual- -William T., and the second is 
not applicable to any individual at all in the present or in 
the past, though both may, conceivably, have an actual 
application in the future ; whilst the third is the name of 
a pui’ely imaginary being. 

It is tliis potentiality of application to a class which dis- 
tinguishes General Terms from the second class of Singular 
Terms ^ for the latter, though they are significant — that is, 



24 TERMS. [CH. 3 

have implioafion — are not applicable, even potentially, to 
more than one individual. There is thus an antithesis 
between Individual and General Terms, and every term 
must be one or the other. 

Collective Names are sometimes treated as a separate 
division of terms, co-ordinate with Sinj:;ular and General, 
but this is not desirable ; for, as has been said, every tenn 
must, of necessity, be either sinj^ular or general. Collective 
Terms are found in each class, and there is, therefore, no 
opfmsition bf‘twoen them on the one hand and either In- 
dividual or General ^V^rms on the other. A short examina- 
tion of such terras will jnake this clear. 

A Collective Name is one given to a group of 
similar units. It thus implies a phiiMlity in unity; as 
an army, a tlock, a library. No group of individual objects 
can receive a Collective Njiino unless the constituents of 
the group have some luuid of resemblance to each other; 
i hus, an alphabet is composed of letters, a navy of ships, a 
library of books, a museum of objects of interest. We could 
hud no use for a name denoting a group composed partly 
of ships, partly of books and partly of men, or any other 
fortuitous concourse of heterogeneous objects simply as 
such. No doubt we do at times class together very unlike 
objects, as when wo speak of the * contents * of a curiosity 
shop or museuni. But the force of the Collective Term is 
then small, for its only implication is that the objecU in 
question are artificially brought together for a particular 
purpose. They have in themselves no common nature. 
The greater the common bond the more useful is the 
Collective Name. If no common bond cun be found a 
Collec^tive Term is impossible. 

As a rule, Collective Terms are not Proper Names, but 
a few^ instances may be found, chiefly among geographical 
names, in which they are. Thus we speak of the Alps, the 
Pyrenees, the Himalayas, the Hebrides, the Marquesas, 
the Antilles, the Orkneys, all of which are true Proper 
Names, for they imply no qualities oi the groups of natural 
objects to which they are applied, and are yet Collective, 
for they denote a group of similar units. 

When the application of an ordin:iry Collective*Term is 
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limited — in the way illustrated in (i) (h) of this section — 
to one particular instance of the |?i*oups it denotes, it 
becomes a Significant Individual Term. Thus we can 
speak of ' The German Navy,* * The Greek Alphabet,* 
‘ The Bodleian Library,* ‘ The British Museum,'* ‘ The 
French army which fought at Waterloo.' 

Without such limiting words a Collective Term is general 
with regard to the class of which it denotes a member, as 
well as collective in respect of the unils of which the group 
is composed. Thus ‘navy’ is collective as regards the 
ships which form it, but geneml, as denoting a memlier 
of the class ‘navies’; ‘alphabet’ collective as indicating 
a group of letters, general as the name of a memlier 
of the class ‘alphabets.* We have as true concepts, in 
fact, of navy and alphabet as we have of ship and letter, 
and the former terms imply attributes equally with the 
latter. 

The group denoted by a Collective Term may even itself 
be a unit in st larger group which Ixiafs a collective name 
of wider geuei’ality ; so w^e may have a series of terms, 
each, except the first, collective as regards the preceding 
one, and each, except the last in generality, forming a con- 
si itnent of the group denoted by the following one e.g, 
soldier, company, regiment, brigade, army. 

Thus the term Collective is relative in its meaning. At 
tlie same time, a General Term, which taken by itself is 
not collective, may, if in the plural number, l)e used in a 
collective sense by the prefixing of such a word as ‘ All ’ 
in the' sense of ‘ All together,* as ‘ All these books weigh 
several tons.’ The true antithesis is, therefore, not be- 
tween Collective and General Terms, but between the 

CoUeetiwe and Bistributiva Use of Terms. — When 
we use a term collectively our assertion will only apply to 
the group as a whole; when we use it distributively wo 
assert something about e>ach member of the group in- 
dividually. Thus, if we say ‘ Half the fleet was lost in 
a storm,* ‘The regiment was decimated by fever,* ‘All 
the novels of Thackeray would fill a small bookcase,* ‘ The 
books ^ed six large boxes,’ we are evidently using the 
terms wnich form the subjects of our propositions, whether 
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are ‘Collective* or ‘General’ in a collective sense; 
and, equally clearly, if we say ‘ The Heet separated,* ‘ The 
army lied in all dinictions,’ ‘ All the men were fatigued,’ 
‘ All the novels of Thackeray can be read in a day,’ we 
ai*e using the ttu'ins distributively. The full sense of the 
separate words is seen to depend on the context. 

4. Counotative and Non-connotative Terms. 

(i) What names are Connotative. —In the last section 
terms w(‘i*e considered according to their applicability to 
one or more objects, bui. bound up with that division was 
another fundaimuital distinction. It was shown that, 
while an individual name may be a mere indicative sign, 
implying no attribute, all names whiidi are ap[)licable 
to a plurality of objects are esvsmitially signiticant, and 
im^dy some attribute or attributes possessed in common 
by those objects, d’his distinction Ixdween significant and 
merely indicative names is expressed by the terms Conno- 
tativo and Non-connotative, which may% t herefore, be thus 
defined — 

A Connotative Term is one which denotes a thing 
and implies an attribute or attributes. 

A Non-connotative Term is one which merely de- 
notes a thing. 

When wt^ spi'ak of a thing in this connexion we mean 
anything which can possess an attribute; while under 
aftribnfc we include all that belongs to a thing, not only 
the outward mai'ks by which it is known— as its shape, 
size, colour, weight, etc. — but all its properties and rela- 
tions whatsoever. Thus a ‘thing’ or ‘object’ is in logic 
anything of which we can make an intelligible statement. 
Whether it is a ‘thing’ in the colloquial sense of an 
object we can perceive by the senses, a topic of thought, a 
wish or desire, matters not. So long as we can think and 
talk about it we may call it a ‘thing ’ or an ‘object,’ and 
whatever we may think or say about it we may speak of as 
its attribute. 

From wdiat has Ix^en already said, it is evident that all 
Grenenil Terms are connotative, for they all denote — or aro 
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applicable to —certain things, and imply tluit those things 
agree in possessing some attribute or attributes in com- 
mon ; in fact, it is the possession of these attributes which 
entitles any particular thing to lH3ar the name. Thus, if 
we use the name ‘ horse/ we not only refer to an indefinite 
number of animals which are so styled, but we imply that 
they all agree in possessing certain well-defined charac- 
teristics; we should, without hesitation, call a horse any 
new animal brought under our notice which possessed 
those attributes. 

All those Collective Baines which arc not Proper Names 
are also coniiotative, for they are general when viewed as 
members of a class ; for instance, ‘ army ’ implies the 
attrilnites of being composed of soldiers, armed, trained, 
and maintained for warlike purposes, as well as denotes 
each collection of men wliich possesses these attributes. 

When any General Name, whether Collective or not, is 
?'estricted in its a}>plicatioii ]>y S(une limiting word or 
phrase, of courses its implication is not lost. Indeed, it 
is increased, anti tlvns we have tlio class of Signiticant 
Individual Names, which, though th(‘v denoUi only one 
object, yet imply the possession of many attributes by 
that one object. Thus, if we speak of ‘ a mountain w(* 
imply the attributes ‘height’ and ‘composition of rock’ ; 
if we add ‘ in Asia,’ we increase the number of character- 
istics, though we limit the niimher of things to which the 
name applies ; by adding ‘ high ’ we carry both tliese 
processes a step fur I her; and if, finally, we *make the 
term singular, and speak of ‘The highest mountain in 
Asia,’ we, manifestly, retain all the attributes previously 
implied, and add to them uniqueness. All these attri- 
butes are implied by the name, and anybody using the 
name must be supposed to intend to convey them to his 
hearers. 

With Proper Names, as we saw, it is not so. They 
indicate individuals, but do not imply any of their quali- 
ties. No doubt many Pro})er Names were originally 
significant, and implied attributes. Thus, ‘Avon’ in old 
English meant water ; ‘ Jacob ’ meant a supplanter ; 
‘ Smith ’ or ‘ Butcher,’ one who followed a certain trade. 
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But to deduce connotation from this original descriptive 
character is to confuse connotation with etjinology. With 
surnames there is a very strong suggestion, amounting 
almost to im]:)licatioii, of family relationship. But as a 
surname can be changed at will, it seems clear that now, 
at any rate, its true t'uncfion is merely to distinguish the 
individual, and that it has no necessary implication of 
meaning. 

When the Proper Name of some typical person is used de- 
scriptively— as when we spcah of ‘a Nero,* ‘a Napoleon,* 
‘ a Cicero it implies by a metaphor the possession in 
a marhed degree of certain qualities. It is, therefore, 
logically no longer a Proper Name. It has become 
General. 

When, then, we grasp the distinction between implica- 
cation and suggestion, w’e see that the definition given in 
the Jiist section of a IVo[>er Name as ‘an arbitrary verbal 
sign’ is strictly ac(‘urate. or, in other words, that Proper 
Names are non-connot alive. 

The only class of names which remain to be examined in 
this conne.xioii is that of Abstnict Names, and it will be 
more convmiient to postpone our consideration of the 
nature of those terms.* 

(ii) Limits of Connotation. — All t he attributes directly 
implied by a name form its Connotation. This does not 
include all those which are coiniiion to all the members of 
a class denoted by a General Name, but only those on 
account of the possession of which the name is given, and 
wanting any of which it would he denied. 

To include in the connotation of a name all the attri- 
butes common to the niemU'rs the class of which it is 
the name, whether tliese attribub's are known or not, would 
haver many logical inconven ences. It would divorce con- 
notation from defiiuitioii, and lujike connotation a matter, 
not of kiiowh^lge, but entirely of objective existence, and 
it is only with such existence as known that logic is con- 
cerned. If, to avoid tlrs objection, connotation were made 
to embrace all the known attributes coinmou to a class, 
then it must be pointed out that some of these e^unot be 
» Cf. pp. 35-37, 48-49. 
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regarded as essential; for instance, an animal ^hich 
chewed the cud would be regarded as a nuninant, even 
though it did not agree with most known ruminants in 
possessing cloven feet. The name cannot, tlierefore, bo 
said, strictly speaking, to imply tlie possession of tliat 
attribute. 

Again, some attributes are derivative from others. 
Thus, that an equilateral triangle is equiangular is an 
attribute derivable from those primary ones which the 
name directly implies. It is most convenient, however, 
not to regard such attributes as forming part of the con- 
notation, as that would be to confuse primary with se- 
condary implication. 

It must bo granted that the limits of connotiition are 
conventional. But it is essential that terms should have 
as fixed and definite a value as possible at any given time. 
This value is not determined by the knowledge of any 
particular person of the qualities common to the class, but 
by agi’eement betw^eeii competent studenis of the particular 
subject. 

(iii) Difficulties of assigning Connotation. — This, 
however, is somewhat vague and promotes occasion for 
dispute. Such disputes deal with what ought to be de- 
manded of an object before the class-name is given tiO it, or, 
in other words, before it is recognised as that particular kind 
of thing. In a sense they are verbal, as they are occiii>ied 
with the right use of words. But in a yet dettper sense 
they are much more : for such right use (Tej-)eiidH on 
accurate knowledge of reality. Ultimately agreement is 
reached, and the result is expressed in that form of brief 
statement we‘ know as a definition. So we are all quite 
clear as to the connotation of ‘ square,' ‘ triangle * ; many 
botauiste are equally clear as to the implication of the 
names of many classes of plants. But there are many terms 
about which agreement has not yet been reached. As the 
decision of connotation thus rests on growing knowledge, 
it is plain that at all times the connotation of terms must 
be subject to revision should occasion arise. 

(iv) IQenotation of Terms. — Evidently significant 
names may be viewed in two lights — ^their impli^ mean- 
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ing or connotation and their range of application to a 
niimher of objects. This latter aspect is called their 
iJenotntion, which may, therefore, be defined as the num- 
ber of things to which the term is applicable in the same 
sense. 

From what has lieen already said it is clear that the 
denotation is logically fixed by the connotation; objects 
receive a certain name, and so form j^art of the denotation 
of that name, because they agree in its connotation. 
Nevertheless, practically each lielps to determine the other. 
The connotation expresses the concept which is formed 
after an examination of part, at least, of the denotation ; 
and, at all times, not only is the connotation likely to be 
modified by an increasi^ in the denotation, but also con- 
versely, making the (ioniiotation more definite or more 
elastic may decrease or enlarge the denotation. In truth, 
neither is absolutely fixed, though, for the purposes of 
Formal Logic, it is necessary to regard the connotation as 
strictly invariable throughout the same argument, or the 
Law of Identity would be violated. 

As all t/erins must refer to something they must all have 
denotation whether they have connotation or not, though 
ill th(‘, case of Proper Names and of some Abstracit Names 
the denotation is reduced to the least possible limit — the 
unit. 

When we speak of creatures purely fabulous, as diyads, 
centaurs, or griffins, their denotation must be sought in 
the appropriate sphere of existence — that of mvtliology, 
fable, or heraldry, as the case may be. This is, of course, 
usmg the word ‘ existence ’ in a somewhat wuder sense 
than is common in ordinary speech, but it does no violence 
to it, and the extension is necessary to enable it to include 
entities Jiaviug an existence only in thought or fancy, such 
as the (jharacteins of romance. As has b^n said, a ‘ thing* 
is anything we can think or talk about. 

In speech a term is modified and generally limited by 
the context expressed or understood, and thus both speaker 
and hearer often tacitly restrict the application of the term 
to some portion only of its possible denotation when taken 
alone. If, for instance, we say “ Everybody says*" so,” w^ 
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certainly do not intend the term ‘ everybody ' to be taken 
in its full extent so as to embrace all the inhabitants of the 
world ; we probably refer, and are understood to refer, to a 
very few persons. It is important, therefore, to bear in 
mind that terms are continually joined together into pro- 
positions in a sense narrower than the words taken by 
themselves would warrant, and that such propositions are 
only intended to apply within this limited sphere. This 
sphere is called the Universe of Discourse. 

(v) Relation between Connotation and Denotation. 
— As foiinotatiou iinjdies attributes, and denotation refers 
to the individual objects which possess those attributes, 
and which usually form various sub-classes, it is evident 
tliat, as a {general rule, an increase in either will causes 
a decreasi^ in the other. As we augment tlie number of 
attributes implied by a name we diminish Ihe number of 
things to which that name is applicable, for wo exclude 
some of the .suh-classes ; there are, for instance, fewer white 
liorses tlian horses. Coiiverscdy, if we wish to include 
under a name a group of things not before included under 
it, and so to enlarge the borders of the class which t he 
term denotes, we can, usually, do so only by removing 
the implication of the name those attrihuies which befort* 
marked the dilfereuco between the two classes, or, in other 
words, by decreasing its connotation. 

For instance, if we unite the classes, ‘ wliite men * and 
‘not-white men' we must omit from the connotation of 
the common term all specification of colour; similarly, if 
we wish to include both sailing-ships and steam-ships 
under Oiie common name, wo must omit the points of 
difference, ‘sailing’ and ‘steam,’ and r(*taiii only the 
term ‘ ship,’ which will be applicable to all the members 
of both classes but which implies less than the separate 
name of either. In short, generally speaking, tlie less a 
name implies, the more groups of things it is applicable 
to, and the more it implies the narrower is its range of 
application. It was shown in contrasting Significant 
Individual Names with Proper Names how the con- 
tinued addition of attributes increases the connotation 
a^nd deeresftes the denotation of a term, till at length 
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the latter is reduced to unity, and the former has become 
the fullest which that term is capable of bearing, so that 
connotatire singular terms are the most significant of all 
names. 

It cannot, however, be said that connotation and deno- 
tation vary in inverse ratio to each other ; such a mathe- 
matical conception is quite inappropriate. We can speak 
intelligibly of halving or of doubling the denotation of a 
term, but it is meaningless to talk about doubling or 
halving its connotation ; and even could we do so there 
would be no ratio maintained in the variation of the two 
aspects of the term. The application of a term is limited 
by the addition of some attributes much more than by 
that of others; thus, to add ‘white' to man would not 
limit the denotation nearly so much as to add * red-haired,' 
for there are many more white men than there are red- 
haired men. 

Moreover, it is not true that an addition to the connota- 
tion of a term will always cause a decrease in its denota- 
tion ; for as a name does not usually connote every attribute 
common to a class, the addition to the connotation of any 
number of these common attributes not included in it will 
not affect the denotation. There are, for instance, as many 
mortal men as there are men ; so, though ‘ mortal ’ is not 
part of the connotation of man, yet to speak of ‘ mortal 
men ’ does not narrow the limits of the class ‘ men.' Attri- 
butes of things are in nature very often found in groups, 
so that where one is found others are found too ; and it is 
evident that, when this is the case, the addition of any of 
these attributes to the connotation of a term will not limit 
its denotation so long as the one member of the group with 
which they are all connected already forms part of that 
connotation. To add to ‘right-angled triangle* the at- 
tribute ‘having the square on the hypotenuse equal to 
the sum of the squai'es on the sides ’ brings in no fresh 
limitation, for that attribute is one of a group necessarily 
found wherever the property ‘right-angled’ is joined to 
triangle. There may, thus, be many additions to the 
connotation of a word which will have no effect on its 
denotation. ^ 
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It is, perhaps, scarcely necessary to point out that the 
idea of an opposite variation of connotation and denota- 
tion is only applicable to classes which can l)e arranged 
in a^ series of varying generality, so that each smaller 
class forms a part of the next larger ; such as, figure, 
plane-figure, plane-rectilineal- figure, plane-triangle, plane- 
isosceles - triangle, plane - right - angled - isosceles - triangle ; 
vehicle, carriage, railway-carriage, saloon-railway- carriage, 
first-class-saloon-railway-carnage, first-class-dining- saloon- 
railway-carriage. It would be absurd to say that an 
increase or decrease in the number of members of any one 
class affects the connotation of the class name ; that, for 
instance, the birth of every baby must decrease the number 
of attributes ini])lied by the term ‘ human being,’ and that 
the death of each man, woman, and child, must increase 
that number. It is only when we add an attribute not 
common to the whole class that we exclude some m^ibers 
of the class from participation in the class name and so 
decrease the denotation ; or when we introduce into a 
class some things not possessing all the attributes con- 
noted by the class name, that we have to omit part of 
its meaning, that it may cover the whole of this more 
extended class ; and thus we decrease the connotati )n. 
In short, increase of connotation decreases denotation 
by excluding a whole sub-class : increase of denotation 
affects connotation only when the increase is by the ad- 
dition of a group before excluded, and which now becomes 
a sub-group under the term the meaning of which must 
be widened to include it. 

The terms Intension instead of Connotation, and Ex- 
tension instead of Denotation, are used by many logicians. 

5. Positive and Negative Terms. — The formal dis« 
tinction of Terms into Positive and Negative is a particular 
case of the Incompatibility of Terms. All Terms whcUever 
which imply attributes which cannot co-exist in the same 
subject are incompatible. This incompatibility may be 
expressed either by Contradictory or by Contrary Terms. 
The division into Positive and Negative is the formally 
logical means of marking the first of these. 

I. L. 
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(i) Contradiction — For two terms to be contradic- 
tories it is necessary that they be mutually ezclusi^e 
and at the same time collectively exhaustive in deno- 
tation ; that is, they must be incapable of being predicated 
at the same time about the same subject, and between them 
they must embrace everything in the Universe of Dis- 
course. 

Formally, contradiction is expressed by prefixing not- 
or non- to the term — thus ‘ not-happy ’ simply excludes 
* happy,’ ‘ not-white * shuts out ‘ white,’ ‘ not-man ’ 
removes ‘ man,’ and in each case the two contradictories 
evidently include between them all things in the universe 
of discourse. The liuiitation implied by the last phrase is 
important. Thus ‘ white ’ and ‘ not-white ’ are not sup- 
posed to embrace all existing or conceivable things : for 
‘not-white’ is meant to apply only to all colours except 
white, and not to such things as sounds, tastes, hymn-tunes, 
half-holidays, etc., etc. In other words ‘ white’ and ‘ not- 
white * taken together comprise everything within the 
limited universe of colour only. 

Now the connotation of terms formed by prefixing not- 
or non- in this way is simply negative ; they imply nothing 
but the absence ef the attributes connoted by the term to 
which they are prefixed. We may say then that a Positive 
Term implies the presence of an attribute or group 
of attributes, and a Negative Term simply implies 
the absence of the attributes connoted by the corre- 
sponding positive term. 

We may, however, have two contradictories in fact, each 
of which is expressed by a distinct name, and then it is 
necessary to examine the facts in order to discover the con- 
tradictory relation between them, since it is not formally 
indicated by the names themselves. Thus ‘ British * and 
‘ Foreign * are contmdictories in the realm of material 
things, ‘ male ’ and ‘ female ’ in that of living organisms. 
Such pairs of terms are comparatively few in number. 
They all have a connotation which implies the possession 
of certain attributes, and are, therefore, positive. 

Care must be taken not to class as contradictories terms 
which allow of an intermediate idea. For instance, * happy ’ 
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and ‘ unhappy * are not contradictories, because they leave 
an intermediate state of indifference between them ; we are 
often neither happy nor unhappy, for the latter word does 
not simply imply the absence of happiness, but, in addition, 
the presence of positive misery. True contradiction exists 
only where no intermediate idea is possible, e.g. equal — 
unequal. 

(ii) Contrariety. — While logical contradictions simply 
negate each other, common speech can do more than this ; 
it can express degrees of divergence, as we saw in the case 
of tlie terms ‘ happy ’ and ‘ unhappy ’ as contrasted with 
happy and not-happy. When two terms express the 
greatest degree of difference possible in the same 
universe they are said to be Contrary or Opposite 
Terms: thus black — white; wise — foolish; strong — weak; 
happy — miserable are pairs of contraries. 

The idea of contrariety rests on the assumption that we 
do not simply divide our universe into two classes as in 
formal contradiction, but into a series of groups whicli 
have no sharply defined boundaries, as pleasant, indif- 
ferent, unpleasant, painful, where the extreme terms ai*e 
contmries. 

Under this head may be included what are sometimes 
called Pnvative Terms, which signify “ the absence of an 
attribute in a subject capable of possessing it"'' These 
include most of the words formed with negative prefixes or 
affixes, as unkind, unhappy, and also such tern^ as deaf, 
blind, dumb, lame, etc. 


6. Concrete and Abstract Terms. 

Relation between Concrete and Abstract Terms, — 

The division of terms into concrete and abstract is founded 
upon psychological and grammatical rather than upon 
logical reasons. It is, however, usual to consider it as 
pfSt of the logical doctiine of terms. The following 
definitions express the difference — 


* C£. Stock, Deductive Logic, pp. 35-37. 
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A Coucret# Term i8 the name of a whole object. 

An Abstract Term is the name of an attribute 
considered by itself. 

In the above definition the word ‘ object ’ is used widely 
to denote anything, whether material or not, which can 
be regarded as having a more or less separate existence as 
a whole whose parts or elements are in essential relation to 
each other and to the whole which comprises them. It thus 
includes such ‘ things ’ as Logic and Ethics ; and such as 
point, line, etc., in their strict mathematical sense. 

Abstract Terms are formed by the process of abstracting 
the attention from all the qualities of a thing, except some 
particular one, or group, to which the name is then given. 
Thus, by attending to one quality only of a tree, we form 
the idea of greenness ; by considering only the moral 
quality of a number of good actions we gain the concept of 
virtue. But it is evident that all general terms represent 
concepts which are fonned by abstraction ; we must not, 
therefore, regard this process as a sufficient ground for call- 
ing a term abstract. If we did, we must include in that 
class all terms whatever except Proper Names. A term 
can only be called abstract when it denotes a quality which, 
though it can only exist in some object, may yet be thought 
of apart from all objects whatever. Thus, we can think of 
‘strength’ by itself, although we know there can be no 
strength except as an attribute of strong things; or, of 
virtue, though it cannot exist apart from good actions. 

If it be borne in mind that an Abstract Name is not 
simply the name of a quality, but of a quality considered 
by itself, and apart from the objects which possess it,^ it 
will be immediately seen that adjectives are not abstract 
terms ; for they name qualities only indirectly, and con- 
sidered in connexion with the things to which they belong. 
If we say ‘Gold is yellow,’ we do not mean that gold 
is a colour, but that it is a thing which possesses a certain 
colour. It is the colour of gold which we call yellowness, 
not gold itself. ‘ Yellowness ’ is, theh, the name of the 
colour or quality ; ‘ yellow ’ is the name of all objects which 
possess that quality. • 
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Whether a name is abstract or concrete will often depend 
on the sense in which it is used ; for the same word may be 
concrete in one sense and abstract in another. The im- 
portance of the disiinction betAveen concrete and abstract, 
however, from a logical point of view, lies in those pairs 
of terms wherein one is the abstract and the other the 
related concrete, as strong, strength ; man, humanity ; 
square, squareness ; etc., and in these cases there can never 
be any doubt as to which is concrete and which is abstract. 

7. Absolute and Relative Terms. — This division of 
terms is based on the fiict that the relations of things 
differ from their other attributes in that they involve 
direct reference to more than one object. If, for instance, 
we speak of a man as strong we can coniine our attention 
to that one individual, but if we speak of him as a friend 
we must at once extend our view to include some other 
person who stands to him in the relation of friendship. 
We may say, then, that 

An Absolute Term is a name which in its mean- 
ing implies no reference to anything else. 

A Relative Term is a name which, over and 
above the object which it denotes, implies in 
its signification another object which also 
receives a name from the same fact or series 
of facts which is the ground of the first name. 

Each one of such a pair of terms is called the correlative 
of the other. In some cases each correlative has the same 
name, as friend, companion, partner, like, equal, near ; in 
other cases the names are different, as parent, son ; king, 
subjects; governor, governed; cause, effect; greater, less ; 
north of, south of. But they are always found in pairs, 
and they always owe their names to the same fact or series 
of facts. 

It must be remembered that it is the fact that the terms 
imply the relation in which the objects stand to each 
other whi<^ makes them Relative, not the mere existence of 
the relation ; thus a king governs men, but king and man 
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are not correlatives, for the terms do not imply this relation j 
king and subject are correlatives because they do imply it. 
Each member of a pair of correlatives connotes the same 
fact viewed from a different standpoint ; paternity and son- 
ship are not two different facts but the same fact viewed 
from two different sides, and connoted both by parent and 
by son. So, rule and subjection imply the same condition 
of things regarded from the point of view of the ruler and 
of the subject respectively. 

The fact or series of facts which is the basis of the 
relation is called th^fundametitum relationis. 
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THE PREDICAB LEfJ. 

1. Definition of Fredicable. — The Fredicables are 
a classification of the relations of the predicate to 
the subject of a logical proposition. 

They do not express what a term is by itself, but only 
what relation it bears to the subject of the proposition of 
which it forms the predicate. We cannot refer any general 
term taken by itself to one definite predicable ; for the 
same term must be assigned now to one and now to 
another of the predicables according to its relation to the 
subject of which it happens, in any particular proposition, 
to be predicated. 

2. Porphyry’s Five-fold Scheme of Predicables. 

The traditional classification of predicables is that of 
Porphyry, and is closely connected with the subjects of 
logical definition and division. It is as foflows — 

1 1. Ocnas. 

2 . iSperie.'* 

8. Difarentia of the Subject. 

4. Proprhnn 
5. Accidena 

We will now briefly define these five Heads of Predicables 
or ‘Five Words,’ as they are frequently called, and will 
then consider them more in detail. 

A Oenus is a wider class which is made up of 
imvrower classes. 

A Species is a narrower class included in a genus. 
A Differentia is the attribute, or attributes, by 
which one species is distinguished &om all others 
contained under the same genus. 

A Proprium is an attribute which does not form 
part of the connotation of a term, but which follows 
from it, ^either as effect Arom cause or as a conclusion 
from premises. 
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An Aocidens is an attribute which neither forms 
part of the connotation of a term nor is necessarily 
connected with any attribute included in that con- 
notation. 

3. Genus and Species. — These are not absolute terms, 
but purely correlative. A ^enus has no meaning apart 
from the two or more species into which it is divided ; nor 
has a species apart from the containing genus. The same 
term may be, at the same time, a species of the next more 
general class, and a genus to the less general classes it 
contains ; no term by itself can be styled a genus or a 
species. Thus, in the exam]>le quoted on a previous page ' 
to illustrat/C the relation between connotation and denota- 
tion of terms, each intermediate tenn is a species to the 
preceding term, and a genus to the succeeding. 

The nearest genus to every tenn, of which that term is 
itself a species, is called the Proximum, or Proximate, 
Genus. If a term is so general that it is not a species of 
any moi'o general term it is called a Highest Genus or 
Summum Genus ; and if it cannot be further divided into 
species, but only into individuals, it is a Loivest Species or 
Infimfi Species. 

When a general term is predicated of another general 
term, it is a genus and the subject is a species. For ex- 
ample, ill the proposition ‘ The dog is a domestic animal,’ 
*dog’ is a species of the genus ‘ domestic animal,’ and both 
are general terms. But when a general term is predicated 
of a singular term, it is a species, for it is under iufimae 
species that individuals are directly included. Thus, if we 
say, ‘ This triangle is an equilateral triangle,’ the subject is 
a singular term, and the general term ‘ equilateral triangle ’ 
predicated of it is an infima species since it cannot be fur- 
tlier divided except into individual equilateral triangles. 

4. Differentia. — It has been pointed out above that a 
species is wider in connotation than the genus under which, 
in denotation, it is contained. The excess of the cotmotatim 
of a species over that of its proximate genus is called the Dif^ 

* Seep. 33. 
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ferentia or Biffermce of that Species, Tlius, in connotation, 
the sum of genus and differentia gives species. 

It is plain, however, that there can be no such thing as 
an absolute genus or differentia, for the same attj-ibut^e 
may be differentia in one case and part of the connotation 
of the genus in another. Thus, if we have three classes of 
things with the respective connotations ah, ac, he, while a 
is the genus of the first two, and h and c differentiae ; h is 
the genus of the first and third, and a and c differentiae ; 
and c is the genus of the second and third, and a and h 
differentiae. 

As the connotation of a general name only embraces 
those of the attributes possessed in common by the things 
denoted by the name which are explicitly stated in its 
accepted definition, it is evident that a comparison of 
the definition of the genus with that of any species 
gives the differentia of the latter. If ah symbolises the 
definition of a given genus, and ahe, ahd, ahe, the defini- 
tions of species under it, then c is the differentia of the 
species ahe, d that of ahd, and so on. 


5. Proprium. — Those attrihutes which are common to 
every individual which hears the class name, and tohv h are 
not included in its connotation^ though necessarily connected 
with it, are called its Propria or Properties, Pz’opria need 
not, however, be peculiar to the members of this class, for 
they may flow from a part of the connotation which is also 
part of the connotation of some other class name. 

The distinction between differentia and proprium is 
rather founded on the conventions of language than on the 
natui*e of things; for there is often no imperative reason why 
some, rather than others, of the common attributes of a 
class should be implied by the class name. Thus, with the 
common definition of a triangle, the attribute ‘ three-sided ’ 
is the differentia which distinguishes that species of plane 
rectilinear figures from others, and * three-angled ’ is a pro- 
prium ; but if we defined a triangle — as the etymology of 
the name, indeed, suggests — as a * three-angled figure,* 
then theb attribute * three-angled ’ would become the dif- 
ferentia, and * three-sided ’ the proprium. 
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This is not so, however, in every case; and, always, 
propria are attributes which flow from the whole, or part, 
of the connotation, either as effect from cause or as a con- 
clusion from premises. Thus, that man is a tool-using 
animal flows from his rationality, as effect from cause — 
the attribute ‘ tool-using * is therefore a proprium. That 
the * square on the hypotenuse of a right-angled tiiangle 
is equal in area to the sum of the squares on tlie sides 
containing the riglit angle * is also a proprium, because it 
is an attribute conmion to all right-angled triangles, which 
can be shown, by reasoning, to be a necessary consequence 
of the connotation. 

(3. Aooidens. — In this class are included all those at- 
tributes wliich are neither connoted by a term nor are 
necessarily connected with its connoUition ; that is, which 
are included under neitlier of the heads Genus, Differentia, 
or Proprium. 

Wo have no real definition of what an Accidens, or 
Accide^d, is ; we can only say what it is not. An accidens 
may be described as an attribute which can be removed 
from the class, or individual, without necessitating any 
other alteration; while to remove a proprium or a dif- 
ferentia would be to destroy the individual, or class, or at 
least fundamentally to change its character. 

ThSi'e may be accidentia of a class or of an individual, 
and in both cases they may he separable or inseparable. 
An Inseparable Accidens of a class is one which belongs to 
every member of the class. It is, of course, difficult to 
distinguish such accidentia from propria, and a more 
extended investigation into the nature of things is always 
likely to remove an attribute from the former class to the 
lattm*. But, where there is no known reason why the attri- 
bute should always be found in the individuals of a class, it 
is called an accidens. Thus, that all European ruminant 
animals are cloven-footed appears to be an invai'iable rule, 
but, as thei'e is no apparent connexion between chewing 
the cud and having a cloven hoof, we regal'd having a 
cloven hoof as an insepamble accidens of the class Euro- 
pean ruminant. White was long regarded as an iusepar- 
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able accidens of swans, but the discovery of black swans in 
Australia has shown that it is only a Accidens, 

that is, one not common to every member of a class. 

When we come to individuals the words separable aud 
inseparable have, necessarily, a somewhat different mean- 
ing. All Inseparahle Accidens of an individual is one 
which belongs to him at all times and can never he changed, 
as the date and place of a man's birth, while a Separable 
Accidens is one which is sometimes present and sometimes 
absent or which can he changed, as a man's trade, his acts or 
postures. These individual accidentia are of no logical 
importance. 


7. The Tree of Porphyry, — An example of a portion 
of this scheme of Predicables is furnished by a table 
known as the Tree of Porphyry liecause it was first set 
forth by Porphyry. It is as follows — 

Substance 


Corporeal 


Animate 


Sensible 


Rational 


Body 


Living Being 


'‘Animal 


Man 


Incorporeal 


Inanimate 


Insensible 


Irrational 


Socrates 


Plato 


and others. 
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Here we have the Bummum genus — Substance, and the 
infima species—Man, which cannot be divided into any 
narrower species, but only into individuals. The inter- 
mediate terms down the centre of the * tree ’ — Body, 
Living Being, Animal — are subaltern genera and species ; 
that is, each is a genus as regards those below it in the 
list, and a species with respect to those above it. The 
attributes Corporeal, Animate, Sensible (i.e, able to feel), 
Rational, are differentiae which divide each genus into 
species. Of course, the corresponding negative attributes 
are also differentiae, but the species to which they would 
give rise are omitted for the sake of simplicity; their 
existence must not, however, be forgotten, for every genus 
must be divisible into at least two species. 

8. General llemarks on the Predicables. — Witli 
regard to this five-fold scheme of Predicables it should 
be noted that no provision is made in it for singular 
terms as predicates. In fact, by the older logicians 
singular terms were never regarded as predicates, and 
such propositions as ‘George V is the second son of 
Edward VII ’ were looked upon as outside the scope of 
logic. A predicable was only another name for a uni- 
A^ersal ; one and the same term regarded in denotation was 
a predicable, as being applicable to several different things ; 
considered in comiotatiou it was a universal, as the 
attributes implied were to be found in several other and 
different notions. 

When a genus or differentia is predicatedy the proposi* 
tion is said to he Analytic or Verbal as the predicate only 
states explicitly part of what is implicitly contained in the 
subject; but when a proprium accidem is predicated 
the proposition is synthetic or real, as the predicate then 
asserts an addition^ fact, which no analysis of the impli- 
cation of the subject would reveal. 

Strictly speaking, a species is only predicated of an 
individual ; when the individual is denoted by a Proper 
Name the proposition is, of course, synthetic, as the Proper 
Name implies notliing; but when the subject is Signifi- 
cant Singular* Name such a proposition is often analytic. 
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as the Significant Singular Name frequently contains the 
species in its connotation. Tims ‘ Socrates is a man ’ is a 
synthetic proposition, but ‘This great Greek philosopher 
is a man"^ is an analytic proposition ; for, ‘ philosoplun* * 
implies ‘ man,’ but ‘ Socrates ’ does not. 

There is much that is valuable in this scheme, for all 
classification depends on the formation* of genera and 
species, and one of the chief aims of science is to classify 
accurately, and to decide what attributes are essential to 
the inclusion of any individual in a given class. \J 



CHAPTER V. 

DEFINITIONS OF TER|j;S. 

1. Funetions of Definition. — Definition is the ex- 
plicit statement of the connotation of a term, that is, 
of all the attributes, and of those only, wliich are recog- 
nised by common agreement of comp:.‘tent thinkers as 
implied by the name. 

Every definition is, therefore, an analytic proposition, 
or, rather, a series of analytic propositions, as a new pro- 
position is required to affirm each separate attribute, and 
in every one of these propositions the predicate simply 
states in so many words what was already implicitly con- 
tained in the subject. A complete definition will exhaust 
the total number of analytic propositions that can be made 
with the defined tenn as subject, for it will state its whole 
connotation. Moreover, each one of these propositions 
must lie universal, that is, the predication must be made 
of every one of the things denoted by the subject term ; for 
the definition must necessarily be applicable to each object 
which bears the class name. 

Were the logical assumption that all words have exactly 
the same distinct meaning for all who use them universally 
true, definition would be unnecessary. But our ideas are 
often clear without being distinct or adequate ; that is, we 
can apply a name accurately enough to the things denoted 
by without having distinctly present to our minds 
the attributes on account of which it is bestowed upon 
them. The use of definition is to give distinctness to these 
clear ideas and to make them adequate — to enable us not 
only to use the name aocursktely as regards its denotation, 
but to employ it with an intelligent apprehension of its 
exact implication. • « 
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It is evident, then, that to form a good dehnition is a 
work of no small difficulty, and one calling for no small 
sagacity. It involves careM ol>ser$^ation, comparison and 
analysis of the things obseiwed, absti'action of the mind 
from their diffeit^nces, and generalisation, besidi^s the 
power of distinguishing primary from derivative qualities. 
In short, the definition is the perfecting and completion of 
the process of conception. 

Moreover, the preliminary process of seeking for a defi- 
nition is often more important than the finding of it. 
“What we gain by discussing a definition is often but 
slightly represented in the superior fitness of the formula 
that we ultimat>ely adopt j it consists chiefly in the greater 
clearness and fullness in which the characteristics of the 
matter to which the formula refers have been brought 
before the mind in the process of seeking for it. While 
we are apparently aiming at definitions of terms, our atten- 
tion should be really fixed on distinctions and relations of 
fact. These latter are what we are concerned to know, 
contemplate, and as far as possible arrange and systema- 
tise. . . . And this reflective contemplation is naturally 
stimulated by the effort to define ; but when the process 
has been fully performed, when the distinctions and 
relations of fact have been clearly apprehended, the final 
question as to the mode in which they should be repre- 
sented in a definition is really — what the whole discussion 
appears to superficial readers — a question about words 
alone.” ‘ 

Definition is thus essentially practical, and ib, therefore, 
a part of Applied Logic. Its uses are twofold. The first 
and most obvious is to give precision to indefinite know- 
ledge ; the second is to make clear the exact sense in which 
in any given exposition or discussion a term is to be used. 
The former may be called its use to the learner ; the latter 
is its logical function. 

2. Definitioai p«r Genu ^ JMffei^ntiain. — In un- 
folding the complete connotation of a, name it is often 
practically impossible to express it In terms which denote 

^ Sidgwick, Principlea of Politicai Economy ^ pp. 49*50. 
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simple attribnicB only; and, in nearly every case, to do 
so would make the definition needlessly long and involved. 
It is always allowable to employ terms expressive of 
groups of attributes. Hence we have the time-honoured 
rule that definition should be jpcr genus et differentlam. In 
mentioning the genus we use a term which implies all the 
attributes common to the species whose name is the term 
to be defined and to all other co-ordinate species of that 
genus; by adding the differentia, we complete the state- 
ment of tlie connotation by giving tliose attributes which 
differ€mtiat(>! that species from all such co-ordinate species. 
In other words, when have to define a term, we first 
decide what class of things it belongs to, and then we 
mark the attribute, or group of attributes, which dis- 
tinguishes it from other members of that class. The name 
of the class is the genus, tlie distinguishing attribute, or 
group of attributes, is the differentia. 

The genus selected must l>e a proximate genus,* as, 
otherwise, our definition will omit part of the connotation 
of the teriri we are defining. If, for instance, we defined 
‘ man * as ^ rational being ’ we should omit the attributes 
connoted by the word * corporeal,* and our definition would 
allow the name to be applied to other possible beings. Or, 
symbolically, if we define a class term whose connotation 
is ahed by referring it to the genus a (instead of to the 
proximate genus, ahc)y and ad<ling the differentia d, we 
plainly omit the attributes he from our definition. 

It must be remembered that when definition per genus et 
(lifferentiam is sj^ken of, it is not meant that the differentia 
must be a sin^e attribute; it may he a group of attri- 
butes. Each species when referreij to any one particular 
genus can liave but one differentia, that is, one set of attri- 
butes to distinguish it from the co-Ordinato species.* 

♦ 

3. Limits of Definition. — ^As definition is the unfold- 
ing of the meaning implied by a name it follows that every 
significant name can defined, and that the onlv terms 
incapable of definition are Proper Names which have no 


^ See p. 40. 


* See pp. 40-41. 
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sigiiiticatiou, and singular Abstract Terms which as the 
names of the simple attributes that form the ultimate 
limit of our analysis cannot be expressed in terms more 
elementary than themselves. No words can enable oho 
who has never experienced pain or whiteness to conceive 
what either is. 

Some terms are manifestly much more easily defined 
than others. Those in which the connotation is the more 
important element — such as Icchnical terms, wliose sole 
value lies in an exact meaning- are much mure easily 
defined than those in which tlie denotative element pre- 
dominates. Examples of the latter are the names of most 
common objects— c.^r. chair, horse, dog — wliere we learn 
to apply the names without any distinct idea of the attri- 
butes connoted by them. That this is thci case anyone 
may easily discover who contrasts the ease with which the 
connotation of such a term as ‘rectangle,’ for example, 
can be stated, with the difficulty of writing down the 
efcSiiitial attributes of ‘dog.’ 

But, though all significant names can be defined with 
more or less difficulty, a great number of such definitions 
can only be regarded as provisional. Fi’esh advances in 
knowledge may alter our estimate of tlio relative i»pf^»-t- 
ance of attributes, may change propria to differentiae, or 
differentiae to propria, and so may revolutionise the con- 
notation of the term, and thus necessitate a revised 
definition. In fact, the growth of knowledge m%ist cause 
modifications of the definitions of many scientific terms ; 
were they all fixed, science would cease to advance. Dis- 
covery and definition must go baud in hand, and universal 
finality in the latter is not to be looked for ; it could only 
be possible with complete and perfect knowledge. 

Not only the growth of knowledge, but a change in the 
point of view from which a term is regarded may lead to a 
change in the accepted definition. Examples of this are 
most common in mathematics. Thus an ellipse was 
originally defined as a conic section with the differentia 
that the cut goes quite across the cone, not at right angles 
to the axis. But in modem works it is defined as the kme 
traced out*by a point so moving that its distance from a 
1. L. 4 • 
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iixed line bears always a certain ratio to its distance from 
a certain fixed point. Then the fact that such a curve is a 
conic section is deduced by a loiijjf and intricate argument ; 
it is, in fact, degraded from forming part of the connota- 
tion to the position of a propriinn.v 

Again, changes in the denotation of a term caused by iis 
application to new classes of ohj(‘cts result in a certain 
vagueness of connotation, which, of course, reacts on the 
deiiotaiiou, and gives rise to an indefinite zone, of the 
contents of wliicli it is difficult to say whetlier they have 
a right to the luiiue or not. 'J his is ospc'ciiilly so in the 
use of such words as ‘ capital,* ‘ wealth, ’ ‘ rent,’ ‘ labour,’ 
etc., which are of importance in the sciences which deal 
with social phenomena. Indeed, most common words wdll, 
if caicfully examined, Ije seen to be more or less vague 
as to the houudary line both in their connotation and in 
their d (mot at ion. 

4 Principles of Definition. — A good delinitioii should 
satisfy the following conditions — 

I. It nhonUl state neither more nor less than the con- 
notation of the term defined. 

11. It should not be ej- 2 )ressed in engue or figurative 
language, 

III. It should not be mere taniology. 

IV. It should not be negative unless the whole meaning is 

negative. 

Or, to sum the rules into one— 

A definition should in its content he [i) adequate and 
qmrise ; and in its e,vpressum (ii) clear ^ and 
neither (iii) tautologous nor (iv) negative. 

We will now discuss each principle in some detail. 

Principle I. — If the definition embraces more than the 
connotation of the tenn defined it must include either 
some of its propria or some of its accidentia. 

In the cases where either propria or inseparable acciden- 
tia are added to the connotation, the denotation covered 

^ Cf. l>r. Venn’s Empirical LogiCy pp. 284-285. 
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by the detiuition remains the same as tliat of the name 
detiued ; but the very fact of adding these extra attributes 
suggests that they are necessary to the true definition; 
and that, therefore, other objects exist which possess all 
the attributes lueiitioned except very ones ; which is, 
in fact, not the case. If, for example, an erjuilatenil tri- 
angle is defined as a triangle which has thive e<|ual sides 
and three ecjual angles, this, though perfectly true of all 
equilateral triangles and of no other figures whatever, is 
yet a faulty definition ; fi»r it mijyesU that there ai*e tri- 
angles which may have thn^ t^pial sides and yet not have 
their angles equal. In all these cases the rlefinition is 
retlundant, and, therefore, wanting in conciseness and 
precision. 

If a separable accideiis is added to the eonnotaiicm of 
a name as part of its definition, a graver fault is com- 
mitted. In this case the definition does not refer to the 
whole denotation of the name defined, for some only of the 
things which correctly Isuir tlie naim^ possess the aHribute 
in question. The definition in this case is too narrow. 
If, for instance, a triangle is defined as a plane recti- 
linear figure having three equal sides the definition is too 
narrow; for it applies only to a st^ction of the fi^UH»s 
correctly called triangles. The attribut/e 'equal-sided' 
is. the differentia which marks off the s^ieeies ' e^jui lateral 
triangles' from the other co-ordinate s|>(;cieH included in 
the genus ‘triangle,’ and is, therefore, only a separable 
accideuB of that genus. Or, if a lalK)urer is (TefiniHl as 
one who performs manual work for wages tlie definition is 
again t<*o narrow, as, by the addition of tlie separable 
aecideus ‘ for wages,' it excludes all slaves from the class 
labourers of which they indubitably form a part. 

If, on the othiT hand, the definition conbiins less than 
the connotation of the name it is too mde, for evidently it 
is implicable to a greater number of things than are iu- 
cludm in the denotation of the term defined. If, for 
instance, an e<|uihiteral triangle is defined as a plane 
rectilinear three-sided figure the definition includes all 
triangles. ^In other words it refers to the genus instead of 
to the species only, and is inadequate. 
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In all cases, then, the denotation of the definition must 
be exactly the same as that of the term defined, and 
this can only bo secai*ed with certainty by its stating 
all the connotation of the term and nothing else. 

Principle II. — Tlie violation of the demand for (jleaniess 
in a definition is known as defining ignotu/n jirr iynotins or 
par aeque Iqnotum — explaining the unknown by the nioi'e, 
or equally, unknown. J)r. Johnson’s definition of a net as 
“ a reticulated fabric, decussated at regular intervals ” is 
an amusing instance of this. To say that Eccentricity 
is peculiar idiosyncrasy ” or that Fluency is an exul>erance 
of verbosity ” is, in each case, to give a definition wdiich is 
certainly not clearer than the term defined. 

The so-called <lefinitions which are expressed in figunitive 
language ai*o a variety of this fault. To say The lion is 
the king of l)ea8ts.” “ liread is the staff of life ” or “ Neces- 
sity is the mother of invention ” gives no explanation of 
the meaning of the terms ‘ defined.’ 

This rule, however, is not violated if a name is defined, 
for the purposes of a special science, in terms whieli to one 
who is not a student of that science would be less clear 
than the name itself ; as, for instanct;, if for the purposes 
of Conic Sections a circle were defined as a section of a 
cone parallel to the base. Definition from its natui-e 
assumes sufficient ^Martiuent knowledge for the compre- 
hensii>u of its terms. 

Principle III. — The violation of the rule against tauto- 
logy in a definition is called circulut* in definiendo, or a 
circle in dcfif^if^it- 

It is evidently no addition to our kuowleilge of fact to 
* explain ’ a Un*in by itself or by a synonym. To say that 
“ Truth is veracity in speech and act ” is simply to affirm 
that “Truth is truth,’’ and this, though it may give know- 
ledge of the meaning of a hitherto unknown term, gives 
none of the nature of the thing named. Thus, logically, it 
is jH?rfectly useless. The great number of synonyms in 
English, due to the presence in the vocabulary of words 
derived from both Teutonic and Latin sources, offers many 
op^rtuuities for coiuinitting this fault; aud,^it may hd 
added, these opportunities are by no means sparingly used. 
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But it is bv no means confined fo English. Uel)erweg 
(|Uot/e8 the following example from the German Avriter, 
Maass : “ ‘ A ftieling is pleasant when it is desire^l liecause 
of itself.’ ‘ W<^ desire only what wo in some Avay i*epi'eflen<. 
to l>e good.’ " The sensibility takes that to 1)0 good which 
wa^TanU or promises pleasure, and affects us pleasantly ; 
— the desires rest on pleasant feelings.’ The pleasant 
feeling is here explained by the desii-e, and the desire 
jigain by the pleasant feeling.” ‘ 

It is in cases of long and involved definitions, such as 
the above — where the thi’oe sentences are taken from 
different parts of the book— that a ‘cinde’ is most fre- 
quently found. Still, it is by no means uncommon to 
meet with such ‘definitions’ as “Life is the sum of vital 
functions,” “ Force is a motive power,” “ Man is a Innnaii 
l)eing.” The definition once given by a Cliurch dignitary 
that “An archdeacon is one Avho exercj)u».s archidijw.‘(»na 
functions ” is a very neat example — in this case, inttmtion- 
iilly Iminorous — of chruhfi in defimiendo. 

There is no tautology when the name of tla^ giMuis is 
repeatwl in defining a term wliicli denotes a siihordinate 
Hjiecies Avhich has no distinct name but is sjK^cified by the 
addition of some limiting attribute to the name of 
genus ; as, for example, in defining an etjuilafenil triangU? as 
a triangle which lias three equal sides. For the s|SM'ies 
‘equilateral triangle’ has no separate name, and is dis- 
tinguished from the sfKK*ies of tlie genus triangle Avliicli 
ai^e co-ordinate with it merely by tlie limiting adjective 
‘equilateral.’ Euclid, before giving this definition, has, 
of course, defined the name of the genus, ‘ triangle.’ This 
word when it occurs in the definition of equilateral triangle 
is simply the name of the genus, not that of the thing 
defined at all ; and the definition is strictly one per genvfi 
ct differentiam. 

From this principle it follows that a term which is the 
name of a simple and elementary attribute cannot lie de- 
fined, as it can only l>e explained by a synonym or by 
itself ; for instance, “ Wliite is that attribute of sensible 


’ Loffir, Eng. Trans., p. 175. 
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objects which occasions us to experience the sensation of 
whiteness.’' We can only, in truth, describe such terms by 
analysing the conditions under wliich the sensations they 
denote are produced. 

Principle IV. — Negative definitions are always less 
satisfactory than those expressed in positive terms, unless 
tliey are definitions of the names of negative notions, in 
which case tliciy are to be preferrerl. 

it is, for example, siinph‘st to define an alien as one wlio 
is not a citizen of th(‘ British Empire ; for the name ‘ alien ’ 
j-epresents a notion whose .sole differentia is just this nega- 
tive attribute. Any definition of Accidens must also, neces- 
.sarily, be of a negative character.* But, to * define’ virtue 
as the opposite of vice, or licpud as that which is neither 
solid nor gaseous, is not to say in eitlier case what attri- 
butes constitute the clas.s notion, and are, therefore, con- 
noted by the name ; but to state attribute.s which are not 
HO connoted. This, liesides giving no po.sitive information, 
is certain to lead to indefinitenoss. Merely to say what 
a thing is not gives no ckxir indication of what it is. 

Many of the objections to the indofiniteness of thorough- 
going negative (or infinite) terms ap})ly to negative defini- 
tions.^ fhiclid’s definition of parallel straight lines as 
“those which lie in the s«ame plane, and wliich, l>eing 
pi*oduced ever so far both >vays, never meet ” offends 
against this principle, as does his definition of a point as 
**that which has no parts and wliich has no magnitude.” 
This rule of expression is really involved in the first 
principle of definition, for the connotation of a positive 
term cannot l>e expressed negatively, vv 

5. Formation of Befinitions. — Every definition is the 
explicit unfolding of connotation, and therefore is an 
analytic proposition in which the denotation of the subject 
and predicate may be equated together. But, as we have 
seen, thei-e are difficulties in the assignment of connotation, 
and we may ask on the one hand how far the definition 
explains the nature of a thing, or on the other, how far it 

< 

> l^f. p. 41. » Cf. p. 9*. 
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represents a general agreement as to the application of a 
name. 

Tliis distinction, liowever, is more appaient than real. It 
arises from the imperfection of our knowledge. Definition 
is in a sense the eii<l of science, and so long as science has 
yet to discover the essential nature of things its definitions 
ciinnot bo more than approximations to truth. 

Consider the diiiiculty of determining what sljall l)e 
ivgjirded as differentia and what as propria. In mathe- 
matics the CRse is comparatively simple. Siicli a definition 
may bo given as will sufiita* to ensure the construction of 
the figure, and all tliat can be demonstrated from that 
under the fixed <'oiiditi<>ns of sj)ace may l)e regarded as 
[iro[Kn'ti(?s. The same procedui*e is not open to us in regard 
to natural objects, whether (u-gaiiic or inorganic. The 
process of seeking for a definition involves an examination 
of instances which stH^m to be of the same kind, and tlie 
recognition that these are instances already implies at least 
an ini[)licit definition, f<u’ otherwise they could not Imj recog- 
nised as such. 

Ideally then it would be necessary to enumerate all the 
characteristics of a species, and to determine which were 
essential, and which were accidental. It is iieedh'ss to 
dwell on the impossibility of carrying out such a pre ess; 
yet without it we can never be sure that a characteiistiii 
of fundamental importance has not l>een omitted. The 
discovery of such an omission may revolutionise a science. 

Assuming, however, that the enumeration of attributes 
has been ma!de as complete as tlie state of knowledge makes 
possible, how are we to sort out those which most truly 
represent the nature of a species ? The elimination of 
accidents will not theoreticailly present much difficulty, 
though in practice it is not always easy. But we need some 
principle on which to divide the e.ssence from the property. 
That which is available in mathematics is not available 
here : we cannot demonstrate the properties of a natural 
object from certain given fundamental characteristics. 
The most that we can do is to choose for the purposes of 
definition those attributes wliich seem to carry with them 
thelargAt number of other attributes, whether we can trace 
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a causal connexion or not. Now such grouping is to a 
large extent arbitrary, and when a name is given to a group 
of attril)utes ho d(*ter mined, and things are called by that 
name according as they possess or do not possess those 
attributes, the definition is rather a statement of the sense 
given to the name than an expression of the nature of the 
thing. 

This is seen even more clearly in the case of terms 
relative to human relations ; as capital, wealth, rent, edu- 
cation, right, justice. These are used in so great a variety 
of ways that for any s}>ecific puq)ose it is necessary, if we 
would avoid ambiguity and misunderstanding, to state 
explicitly the range of application we propose to give them, 
that is, the sense in which we are going to use tliem. Then, 
of course, our definition is primarily one of the word — 
adapted to a special purpose. 

Yet, even in these rases, we do not define the word 
arbitrarily, but always in view of the exact relation it is 
to bear to facts. So the traditional distinction between 
nominal and real definitions- that is, definitions of words 
and definitions of things, is a matter of no logical signifi- 
cance. 

6. Oenetic Form of Definition. — A change in the aim 

of definition has resulted from the theory of descent formu- 
lated by Darwin in bis Origin of Species. Species are no 
longer regarded as natural kinds with permanent and de- 
finite but diverse characteristics. They are acknowledged 
to be the results of a long descent from a common ancestry 
in which successive modifications have produced all degrees 
of divergence. Could these modifications be exhibited 
completely it would l»e possible to construct a genealogical 
trei‘. in which the spficies would be show’n to be members of 
one ]Sfreat family, and their affinities with one another wrould 
appear at a glance. This gives an important clue to those 
attributes which are essential to the constitution of a 
species, and which will, therefore, be in its definition. 
They will not necessarily he those which are important or 
even essential to the present life of the animal or plant, 
but rather those which best exhibit its origin. Definition 
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which sets forth the prc»ce8s hy which a thing comes to l)o 
what it is, and wliich is, therefore, based on the idea of 
causation, is termed genetic. 

We may ajso describe as genetic those definitions in 
mathematics whicli indicate a process by which we may 
form a concept of a geometrical figure : e.g. ** A cylindrical 
surface is the surfoc'O marked out by a straight line which 
revolves at a fixed distancie round aiioll)er stmight line to 
which it is parallel ” ; or in chemistry, those which indicate 
the formation of a compound from its elements, e.g. “ water 
is a fluid formed by combining one part of oxygen Avith 
two parts of hydrogen.” 

7. Descriptions. — Definitions should not be confounded 
with descriptions. In the latter, inseparable accidentia 
often used, with or Avithout some of the propria, to enable 
us to recognise the objects denoted by the name. Such a 
proposition is no more a definition than would Ixi the fw^t 
of pointing out a nieml>er of the class in fjuestion and 
saying I mean something like that.” Still, description is 
by no means useless, though it is not logical definition. 
It has the valuable function of enabling ub to identify 
easily anything which Ix^ars the name. lUio main <vbject 
of definition is to make distinct our concepts of tbings, 
and BO to lead to a greater clearness and definiteness of 
thought and language ; that of description is to furnish a 
rough and really means of recognition. 

Descriptions are in place in a dictionary where logical 
and scientific definitions would be of little ufe. A scien- 
tific definition of a crocodile Avould not enable anyone to 
form an idea of its apj^eai-ance — for dc‘finition does not 
deal with appeamiice but with qualities and relations essen- 
tial to that kind of animal, Avhich are not generally closely 
connected with its appearance. The function of the 
dictionaiy is to enable anyone who has not seen a croco- 
dile to realise what it looks like, so it describes it and aids 
its description by a picture. Description, in a word, 
appeals directly to the eye; definition to thought and 
previous knowledge. 



CHAPTER VI. 


FALLAriES OF OEPINITTON. 

1. General Nature of Fallacy. — The word * Fallacy’ 
is, like many other words, very loosely used in the common 
speech of the present day. Thus, any false statement is, 
]>y some persons, includetl under the tenn ; “ that men are 
in the habit of walking on t heir heads, they would say is a 
very obvious falla<‘y.”‘ Others include under it any false 
belief, or any mental confusion whatever, no matter what 
its origin. It seems preferable, how'ever, to use the term 
in a more dehniie manner. It is better not to call a preju- 
dice or a mere inaccurate stateiucuit, a fallacy, but to con- 
fine' the tenn to offences against logical principles more 
or less perfectly concealed. We will, therefore, give as 
our definition : 

A Fallacy ia a violation of logical principle dis- 
gnieed under a show of validity. 

AVlierever there is a logical principle there is a possibility 
of offending against it. There are, thus, fallacies incident 
to conception, including invalid definition and division, to 
jiidgineiit, to method, and to each valid fonn of inference. 
It must Im? remembered, however, that the diffei*ence 
between these processes is not a fundamental one, but 
mther one of empluisis. The essence of inference is im- 
plicit in judgment, even as judgment is implicit in concep- 
tion, and is involved in definition and classification. All 
violations of logical principles, therefore, involve faulty 
infe^nce, either implicitly or explicitly, and when those in 
which this fault is implicit are employed in fully stated 
arguments they lead to further violations of the rules of 
explicit inference. 

We will consider the most usual forms of logical error — 
or fallacy — in connexion with each department of our 

* De Morgan, Formal Lotfic, p. 238. 
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treatment. To lake first, tlien, those wliieh may lurk in 
our concepts, and in the use of tlie terms wliicli express 
them. 

2. Fanlttf in Definition. — Any violation of the prin- 
ciples of definition leads to fallacy thmij^h faulty or 
imperfwt conception of the force of the terms employed. 
Thought wantiiif;!^ in clearness and definiteness is ex- 
tremely likely to l)ecome, at some point or other, actually 
erroneous. All fallacies due to any kiu<l of anihijriiity in 
the terms employed ai^e, thus, at bottom faults of defini- 
tion ; once make the meaninpj of every term employed clear 
and such fallacies l)ecome iinpossihle. 

Under the general head of faulty definition we may 
include several falhicie.s traditional in lo^ic sinwi Aristotle, 
and w'hich it is still customary to desi^natt? by their 
mediaeval Latin names, as ivell as one wliich is specially 
incident to vague and indefinite conception and whicli we 
will consider first, 

(i) Concept embracing incompatible attributes.— 

Whenever tlie meaning of a term is explicitly and clearly 
conceived it is, of course^*, impossible U> include in it incom- 
patible attributes. But when one’s ideas are not dmrly 
and definit-ely set fortlj, this is by no means impo^^^ihle. 
Thus we find people arguing about “ an indivisible portion 
of matter,^’ where the attribute indivisible’ is incom- 
patible witli ‘matter’ which implies extension, and, there- 
fore, divisibility. Tlje expression is self-contradictory, 
and can only be used by one whose tliought oh the subject 
is vague and confused, for no one can hold togc^ther in clear 
thought attributes wlij(di destroy eacdi other. A logical 
concept of indivisible matter is as much an impo.ssihility 
as one of unequal-equality or unjust- justice, 

Again, all the numerous and varied attempts whi(di have 
lieen made at ‘squaring the circle’ may l)e set down to 
a faulty conception of ‘ incomineusui*ai>le,’ a conception 
which, "indeed, embraces the idea of ‘ commensurable in 
terms of an indefinitely small unit.’ 

Similarly many people seem to use the word ‘ infinite ’ 
as meaning finite at a verj^ extended limit. Others make 
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‘ ot^'rual ’ signify enduring throughout a very long time, 
whereas the very notion of time, embracing, as it does, the 
ideas of l)eforo and after, and consequently of beginning 
and end, is incompatible with that of ‘eternity,’ whose 
true meaning is existence out of time. 

(ii) JESqnivocatio or Homonymia. — By a fallacy of 
equivocation is meant one due to the use of a word capable 
of two or more meanings. Traced to its origin, this 
implies that the concept corresponding to the word is 
wanting in clearness and accuracy. In other words it is 
a failure in definition. Such failure may, of course, l)e 
really made by him who uses the ambiguous tenn. At 
other times it.s use is merely a sophistical device, the 
}>er8()n who uses the term in two different senses trusting 
tliat the change of iiu»aning may escape detection. An 
example frecpiently given by tlie old logicians is — “ The 
end of a thing is its perfection; death is the end of life; 
therefoi'e, death is the perfection of life” where ‘end’ 
is used in the two senses of aiw finilfnmh. Evideutlv what 
is true in the one sense has no pertinence to the other. 
Similarly in “Knowdedge is power; perception is know- 
ledge; therefore, })erce])tion is power.” we have an am- 
biguous use of the term knowledge. 

In such examples as these the error is obvious and, con- 
sequently, not likely to be committed. But it must l>e 
ronieinljered that a writer on fallacies is bound to choose 
some, at least, of his examples of such a character that 
every reader will see at once where the fallacy comes in. 
Moreover, when an argiuneiit is, as it were, mluced to its 
lowest terms, and stated in strict logical form, it is easy to 
see an error, which might well escape detection if it oc- 
curred in a long and more or less involved disquisition, 
with the premises, perhaps, far apart. 

I^allacies due to ambiguity of w^ords aie, indeed, amongst 
those most commonly committed. As Bacon well savs: 
“ MeJi believe that their reason rules over w'ords ; but it is 
also the case that words react, and in their turn use their 
influence on the intellect.”* 




* Nonim Oryftmtm, 1. r»9. 
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One of the chief soufces of ambiguity is that a word 
which has changed its meaning still i*etains some of the 
assoinations 'wliich were connected witli its original meaning. 
De Morgan gives some good examples, one or two of which 
we will borrow. 

“The Viori puhlicai ion has gradually changed its mean- 
ing, except in the courts of law. It stood for communica- 
tion to otherg yfithout reference to the inodt* of communi- 
cation, or the number of retupumts. (Gradually, as printing 
became the easiest and most usual mode of }>ublicatiou, 
andiionsevpunitly the one most fre<piently resorted to, the 
word acquired its modern meaning; if we say a man pub- 
lishes his travels, we mean that luj writt^s and prints a bwk 
descriptive of them. I susjKict that many persons have 
come within the danger of the law, by not knowing that 
to write a letter >Yhic]) ccmUiins defamation, and to send it 
to another person to read, is pnhViehhuj a libel ; thjit is, by 
imagining tliat they wore safe from tlie consequeucjes of 
publishing, as long as they did not print. ... A similar 
change has taken phue in the meaning of tin? word to 
lUier^ the sense of wliieh is to ijive out, but which now 
means usually to give out of the inoutli in words. As 
yet I am not awaie tlial any person charged with the 
utterance of counterfeit coin has pleaded that no out over 
uttered coin except the princess in the fairy tale: but there 
is no saying to what we may come, with goo<l example, and 
under high authority.”^ 

Confusion l>etween the etymological and tjte cuiTeutly 
acct'pted meaning of a word is, indeed, always liable to lead 
to fallacy, lii a discussion as to the metiuiug of a wortl, 
an appeal to etymology is really out of court; current 
usage alone must decide the question. 

Nothing is more helpful, and even necessary, for scientific 
— i.e. exact — thought than a precise of terms. The 
moral sciences have no such well-established and exact 
system of technical terms, and it follows tliat in those 
sciences fallacies due to ambiguity are most easily com- 
mitted. 

Especially is this the case with Economics. Mill gives 
^ Formal Logic^ p. 243. 
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a ^ood example of such a fallacy which is still quite 
coiiiinoii : “ The mercautile public are frequently led ihto 
this fallaxjy by the phrase, ‘scarcity of money.’ In the 
lan^^ua^^e of commerce * money * has two meanings ; currency, 
or the circulating medium ; and capital fieeMny inveistment, 
especially investmeut on loan. In this last sense the word 
is used when the ‘ money market * is spoken of, and when 
the ‘ value of moncv ’ is said to be high or low, the lute of 
interest Ixjing meant. The consequence of this aiid)iguity 
is, that as soon as scarcity of money in the latter of tliese 
senses begins to be felt -as soon as there is difficulty of 
obtaining loans, and the rate of interest is high — it is con- 
cluded that this must arise from causes acting upon the 
((uantity of money iu the other and more popular sense; 
that the circulating medium must have diminished iu 
(Quantity, or ought to Ije incimsed. I am aware that, in- 
(lependcutly of the dcmble meaning of the term, there are 
in tliH facts themselves some i)eculiaritie8, giving an ap- 
parent support to this error; but the ambiguity of the lan- 
guage stands oil the very threshold of the subject, and 
intercepts all attempts (o throw light upon it.^' 

Another ambiguous word is ‘ goverument,’ which is used 
both to denote the system of laws established in a nation, 
and the body of men charged with f he carrying out of those 
laws. Loyalty to the government iu the former sense may 
involve resistance to the government in the latter senst*, 
though a tyranny would not willing to acknowledge this, 
and would trade ou the ambiguity of the word, trusting that 
the ignominy >vhich may rightly accrue to resistance to law 
will attach to i-esistauce to the men whose mal- administra- 
tion of the law may have become intolerable. 

‘ Natiu^ ’ is another fertile source of fallacy. What, 
for instance, is “ education according to nature ” ? With 
the i^venb^nth century writer Comonius it meant seeking 
to base educational method on fanciful analogies dmwn 
from the physical world, os, for instance, when he argued 
that liecause the sun does not occupy himself with objects 
one by one— -a tree or an animal — but illumines and warms 


Louie, V., vii., § 1. 
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the whole earth, therefore, thei-e should be only one teacher 
for each class. ‘ With Rousseau the phrase meant a return 
as far as possible to th (3 condition of uncivilised man, 
♦nature’ being regarded as the condition from which man 
starts. The same Idea is present in the excuse so often 
given for childish faults that they are ‘ natunil.’ On 
the other hand, Plato and all moilcrn idealists would* 
seek man’s true natui’c in the ideal towards which civi- 
lisation can only be regarded as a slow progivss, and with 
them “education according to nature *’ moans guiding the 
cliild in the path of this developmonl in the order and to 
the extent to which a study of psychology shows to Ix) 
possible. 

One frequent cause of the fallacy of equivocation is when 
a writer or speaker uses a word in a definite aiul |>erhaps 
special meaning Without taking steps to secure that it is 
understood in that meaning. ** It is very difficult,” says 
De Morgan, ‘*to avoid tliis form of the fallimy, witliout 
giving the meaning of the most essential terms, on the 
first occasions of their occurrence. It is not uncominon 
to meet with a writer who appears to believe, at least 
who certainly acts upon, the notion tliat the riglit over 
words resides in him, and that others are wrong as f ^r as 
they differ from him. . . . The writers of whom I s]>eak 
. . • treat words as absolute images of things by right of 
the letters which spell them. ‘The French,* said the 
sailor, ‘ call a cabbage a shoe ; the fools ! wliy can’t they 
call it a cabbage, when they must know it is one 

This last example leads us to notic/O that all puns are 
logically instances of this fallacy. Laml* in the Ettsays of 
Elia quotes the following from Swift’s Miscellanies : “ Aai 
Oxford scholar meeting a porter who was carrying a liare 
through the streets, accosts him with tliis extraordinary 
question : ‘ Prithee, friend, is that thine owm hare or a 
wig ? ’ ” Similarly, the proof that every cat has three tails, 
bemuse no cat has Wo t^ and every cat has one more tail 
than no cat, turns on ambiguity of terms. 

It is probably impossible to enumerate all possible 

‘ OrecU Didactic^ Ch. 19. 


* Formal Logics pp. 2249-247. 



64 


FALLACIK8 UF DEFINITION. 


[cH. 6 


bourees of ambiguity, aud the reader will readily suggest 
many others to himself. We will here only notice one more 
iu whicli the ambiguity is rather in a phrase than in the 
separate words of that plirase. Wonls when united fre- 
quently have together a compound mejining which a mere 
union ( f their separate meanings will not give. That is to 
say, the force of a word depends paitly on the context in 
whieli it occiu’s. Thus, a person u:idei*takes to cross a 
bridge in an incredibly short time : and redeems his pledge 
by crossing tlie bridge as one would cross a street, that is, 
by traversing the breadth. Now, though it is true that, in 
general, Id cross is to go over the l>readth, or shorter dimen- 
sion, yet, in the case before us, the phrase is elliptical and 
signities crossing the river u]>ou the bridge. Nor can it bo 
said that this cominou meaning is incorrect ; that which is 
common aud well known is, iu language, always correct.”* 
(iii) Figura Dictionis. — The Fallacia Fiynrae Die- 
fionie or FaUavij of Fiyure of Speech denoted with Aristotle 
a sophism which might arise from supposing words similar 
in form to be similar in meaning; e.y. that poeia is of the 
feminine gender because most Latiu words with the same 
termination are so. The following invalid argument from 
Mill’s VtUitarianism seems to fall under this head. “ The 
only proof capable of lieiug given that an object is visible, 
is that people actually see it. The only proof that a 
sound is audible, is that people hear it. . . . In like 
manner, I apprehend, the sole evidence it is possible to 

S roduce that anything is desirable, is that pei>ple do actually 
esire it.” Here Mill assumes that the meiining of ‘ de- 
sirable ’ k analogous to that of ‘ visible ’ and * audible.* 
But * visible ’ simply means ‘ able to Ije seen,* and 
* audible ’ * able to be heard * ; w hile ‘ desirable * does 
net mean ‘what can be desired’ but ‘wdiat should be 
desiied/- 

The fallacy has been extended to cover other perversions 
of grammar, as in the traditional example : “ What a man 
walks on he tramples on ; this man walks on the wdiole 
day ; therefore, he tramples on the whole day.” This, it 

^ ibtd., p. ** Cf. Mavkeiune, Mamutl of Elhic^^ pp. 98>91>. 
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will be seen, is only auotlier fonn of ambi^ity in words, 
and the fallacy do'es not differ in essence from i^quivocaiio* 

The most important cases under this head are those in 
which error arises from the use of paronyms or conjugate 
words, as different parts of speech aerived from the same 
root. As Dr. Davis points out, “ These have by no means 
similar meanings, caj. ‘ Artist, artisan, art ful ’ ; ‘ Pity and 
pitiful ’ ; ' Presume jind presumption ’ ; ‘ Project and pro- 
jector’; What is ‘imaginary’ is unreal, but an ‘image’ 
formed of wood or stone is real; To ‘ apprt^liend ’ is to lay 
hold on, or to come to a kuowhulge ol\ while ‘apprehen- 
sion* often signifies fciir or dread.”* 80. t.> be ‘artful’ is 
not the same as bt*ing filled witli artist ic api)reciation ; an 
artful lover is not necessarily a lover of art.. 

Mill iiistun(*e8 “ the jjopular error tliat/f/rom/ drink must 
1)0 a cause of sirenijf/i ” as an example of this fallacy, and 
one which involves the furtluu* fallacy of supposing that 
an effect must he like its cau.se — using the words in tlieir 
popular sense. People who fall into this error should, as 
Dr. Davis suggests, try strong jnuHon; wliicli is, perhaps, 
exactly what many ardent b'etotalh'rs would say they are 
doing. This fallacy, like the last, is an olTmice ag.iinst 
the rules of detiiiition, and wdien einj)lo\aMl in syll. L*i.stic 
argument gives rise to the falhu'v <»f buir terms. 

(iv) A dicto simpliciter ad dictum secundam quid. 
A dicto secundum quid ad dictum simpliciter. -'lliese 
falltvcie.s are converses of each ot]u*r, and their essence is 
the confusion of an absolute statement witli or»f) limited or 
qualified in some way p<‘rtinenf. to (lie matter in hand. In 
other words, the essence of the fallacy is a failure U) deter- 
mine definitely the force of our terms, IIkiI is, it is a fallacy 
in definition. 

The traditional example of the first is : “ What you 
bought yesterday you ate to-day ; you bought raw meat 
yesterday ; therefore, you ate niw meat to-day,” where the 
fallacy lies in not making clear that the ‘rawness’ is not 
regarded in the major premise as a relevant circumstance, 
and then assuming it to be relevant in the conclusion. On 


l. L. 


Thfiory of ThowjUt^ p. 270 . 
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this example De Morgan remarks : ** This piece of meat has 
remained uncooked, as fresh as ever, a prodigious time. It 
was raw when R(nsch mentioned it in the Margarita Philo- 
Bophica in 1496; and Dr. Whately found it in just the same 
state in 1826.” ‘ 

An example of the converse form is : “ Everything which 
is harmful should be forbidden ; wdne is harmful ; there- 
fore, its use sliould be prohibited,” where the conclusion 
omits th(i tiu'itly understood, but very relevant, condition 
in the given minor premise of immoderate use. 

Under the same head must bo included arguments which 
illicitly comdude from a statement qualified in one way 
to one qualiliod in another way. These may be calle<l 
faUacia a divto secundum quid ad dictum secundum altemtm 
quid. An example would Ixi to conclude from the assertion 
— whetlier true oi* not — that to take life in sport is cruel, 
therefore, to eat llesh from which life has been taken by 
others is to show a cruel disposition. This is to infer 
from one special case to another special case differing 
from it in circumstances distinctly relevant to the ques- 
tion of intention, which is the point under discussion. 

All the fallacies which attempt the substitution of a 
thing in one form for the same thing (as it is called) in 
another, belong to this head: such as that of the man 
who claimed to have had one knife twenty years, giving it 
sometimes a new handle, and sometimes a new blade.”'"* 

An amusing example of arguing a dicto simpliciter ad 
dictum secundum quid is contained in the following story : 
“ A servant who was roasting a stork for his master w'as 
prevailed upon by his sweetheart to cut off a leg for her 
to eat. When the bird came upon the table, the master 
desired to know what hiid l)ecome of the other leg. The 
imn answered that storks never had more than one leg. 
The master, very angry, but determined to strike his servant 
dumb before he punished him, took him next day into the 
holds where they saw some storks, standing each on one 
leg, as storks do. The servant turned triumphantly to his 
master ; on which the latter shouted, and the bii^s put 


^ Op, eU,y p. 251. 


^ Pe Morgan, op. eU.^ p. 252, 
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down their other legs and flew away. * Ah, sir/ said the 
servant, ‘ you did not shout to the stork at dinner yester- 
day : if you had done so, he would liave shown his other 
leg too.' 

More serious instances of the same fallacy are found in 
applications of abstract general rules to particular con- 
crete cases without takiiLg account of any modifying 
circumstances that may exist. It is easy to fall into errors 
of this character in the a])pli(‘ation to special cases of 
general rules of either social or individual life. Hence arise 
many wild assertions on economic and social questions. 
The argument, for inshiuce. that In^cause employment 
of labour is beneficial to the community, therefore, un- 
employed workmen may wisely l)e set to do work of an 
entirely useless character, merely to find them employ- 
ment, is an example of reasoning a (lido secumhim quid 
ad dictum simpliciter, as it omits in the conclusion the 
relevant condition without which the given pnunise is 
false — that the work must l^e productive of some utility. 

So too, the application of the ‘common sense of our 
ancestors ' embodied in proverbs is very liable to involve 
the fallacy of arguing a dicta Bimpliciter ad dictum nccun- 
dum quid, “ What man has done man may do w(‘ are 
told for our encouragement; but it scarcely seems to 
follow that each one of us is capable of becoming a 
Shakespeare or a Newton. So “ a rolling stone gathers no 
moss " scarcely justifies us in inferring that every com- 
mercial traveller must starve. 

De Morgan points out that “ the law, in criminal cases, 
demands a degree of accuracy in the statement of the 
Beeundum quid which many people think is absurd.'** He 
then gives two instances which he discusses at length. 

In the first, a man tried for stealing a ham was acquitted 
on the ground that what was proved against him was that 
he had stolen a piece of a ham. In the second, a man was 
committed for perjury “ in the year 1846 ” and the judge 
admitted the objection that it ought to have been “ in the 
year of our Lord 1846." De Morgan argues — and it seems 


^ Boocoooio : The DecaTneron^ 


* Op. c»V., p. 252. 
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to UB conclusively — that in the latter case the secundum 
^uid is unessential, for “as things stand, there is no 
imaginable differt^nce : for there is only one era from which 
we reckon.” ^ But in the former case the difference between 
the two descriptions is material. For suppose that the two 
descriptions were put before two different persons. “ One 
is told that a man has stolen a ham ; another that he has 
stolen a part of a ham. The first w^ill think he has robbed 
a provision warehouse, and is a deliberate thief : the second 
may suppose that he has pilfered from a cook-shop, 
possibly from hunger. As things stand, the two descrip- 
tions may suggest different amounts of criminality and 
di ff erent moti ves . ” 

(V) Gompositio and Bivisio. — The fallacies of Com* 
position and Division are converses of each other, and are 
most conveniently considered together. The error consists 
in joining together things which ought to be kept separate, 
or in separating those which ouglit to he kept conjoined. 
In other words, there is confusion between the Collective 
and the distributive use of terms.® To take Aristotle's 
example : “ Two and throe are even and odd ; two and 
three are five ; therefore, five is even and odd ” ; which 
commits the fallacy of composition. Similarly, three and 
five are (together) four and four (together) ; but neither 
three nor five is four; and such an inference would be 
vitiated by the fallacy of division. 

Such examples are obvious, but they do not differ in 
essence from the argument given by Mill in support of 
utilitarianism. He says : “ No reason can be given why 
the geiiei al happiness is desirable except that each person, 
as far as he believes it to be attainable, desires his own 
happiness. This, however, being a fact, we have not only 
mil the proof which the case admits of, but all which it is 
possible to require, that happiness is a good : that each 
person's happiness is a good to that person, and the 
general happiness, therefore, a good to the aggregate of 
all persons.” * It would be difficult, as Professor Mackenzie 


» p. 254. ^ Ibid., p, 253. ^ Qf, pp, 25-26. 

* Utilitarianismf p. 53, 
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says, “ to collect in so short a space so many fallacies as are 
here committed.” * There is a fallacy of equivocation in the 
word ‘ desirable,* here used by Mill in two different senses. 
But it is with the last part of the arj^unient that we are 
now concerned. It is an obvious example of the fallacy of 
composition. Put symbolically it is — A desires the hap- 
piness of J5 that of B, 0 that of (7, etc., therefore A 
desires the happiness of A + B C, so does B, and so 
does C, which is about equivalent to ar<j;uing in mathe- 
matics that ax + + cz ^ (a + ^ + c) (a? -f y -f »). 

The converse fallacy of division seems to lurk in many 
of the argiiinents brought forward in support of an 
encyclopaedic curriculum for all schools. That a know- 
ledge of this, and that, and the other subject is necessary 
to the (‘ommunity, therefore, that all those subjects should 
lie taught to each member of that community, is the line of 
reasoning fre([U(nit]y adopted, as, appareiilly, by Mr. 
Herbert SjHUU'ei' in the First Chapter of his book on 
Edvcation. 

The most common form of the fallacy may l)e reduced 
to an implicit confusion betw(M?n a disjunctive and a 
copulative proposition. Thus, the sjKuid thrift, falling into 
the fallacy of composition, ai’gues T can afford e or h 
or c or . . . ther<‘fore, I can afford a and b and and 
. . . On the other hand the converse fallacy of divi- 
sion is often found lurking in the argument by which a 
miserly person refuses to subscribe to any charitable objecjt. 
** I cannot afford to subscribe to a and h and e and . , . z, 
therefore I cannot afford to subscribe to a or 6 or o 
or . . . «.** 

The ambiguity of the word ‘ all ’ is a frequent occasion 
for this fallacy. As Do Morgan says: “It must l)e 
remembered that the word all, in a proposition, is not 
necessarily significant of a universal proposition : it may 
be a part of the description of the subject. Thus, in * all 
the peers are a House of Parliament,* we do not use the 
words all the peers in the same sense as when we say ‘ all 
the peers derive their titles from the Grown.’ In the 

^ 8eo Manual of Ethics^ 3rd Ed., p. 219. 



?0 FALLACIES OF DEFINITION. fcH. G 

second case the subject of the proposition is peer ; and the 
term all is distributive, synonymous with each and every. 
In the first case the subjec.t is all the peers, and the term 
all is collective, no more distinguishing one peer from 
another than one of John's fingers is distinguished from 
another in the phrase ‘John is a man.* The same re- 
marks may be made on the word some ; as in * some 
{leers are dukes,’ and ‘ some peers are the committee of 
privileges.’ ” * 

The unhappy and ungrammatical custom which has 
grown up of late years of using a plural verb after a col- 
lective noun, even wlien the action is tliat of the corporate 
body, as “The Senate recommend that such a course l>e 
pursued,” tends to confuse the important distinction be- 
tween statements made distributively and those which ai-e 
only true collectively. 

* Oj). cil., p, 248. 



CHAPTER VII. 

DIVISION AND CLASSIFICATION. 

1. lk>gical Division. 

(i) General Character of logical Division — Logi- 
cal Division is the analysis of the denotation of a 
term. 

By this is not meant an enumeration of the imlLviiluals 
which form the class of which the term is the name, hut a 
statement of tiie sub-classes into which that class can he 
divided. In other words, it is the splitting up of a K^nus 
into its constituent species. 

The genus which is divided is cjilled the totum divittum, 
or divided whole ; the sjKJcies into which it is analysed 
are styled the membra dividentia or dividitig memhere. 
In dividing a genus we think of an attribute wl.ich 
is possessed by some of its memljers and not by otlu^rs, 
and this suggests the fundamentum divisioniey or basis of 
the division. 

The same genus may obviously be divided on several 
different bases into different sub-classes, accorcUng to the 
attributes on which the division is founded. Thus, triangles 
may be divided into equilateral, isosceles, and scalene, 
where the basis is the relation of the sides to each other in 
length; or into right-angled, obtuse-angled, and acute- 
angled, where it is the size of the angles. So, the various 
divisions of terms are analyses of the same genus on differ- 
ent bases. When the same genus is thus divide<l in 
tlifferent ways the process is called Co-divimm; and the 
classes obtained by co- division more or less overlap each 
other, for every member of the genus must fall into one 
class in. each division, and the climses obtained on one basis 
will not brrespond exactly, if at all, with those resulting 
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from another. If they did coincide the supposed different 
bases would really be one base. 

When the classes resulting from an act of division are 
themselves again divid(?d into their sub-classes we perform 
an act of Sab-ilirwion. These sub-classes may be again 
sub-divided, and so the process may go on till we reuch 
in/imae up. c/cs — classes, that is, which are only capable of 
being split up into individuals. 

Of coLir.se, in (?vi‘ry step of a sub-division, we must have 
a new basi.s of division, for each step exhausts its own basis. 
Thus, h.iving divided triangles into equilateral, isosceles, 
and scalene, it is evident that we cannot sub-divide any 
of theses classes on the basis of the relative lengths of their 
sides. But if we take a new basis we may continue the 
analysis ; for instance, we may sub-divide both isosceles and 
scalene triangles on the basis of the size of their angles into 
right-angled-isosceh's, obtuse-angled -isosceles, acute-angled- 
isosceles; right-angled-scalene, obtuse-angled-scalene, and 
acuto-angled-sciileiie. Or, if our original basis was the size 
of the angles, then we may sub-divide acute-angled triangles 
into acute-augled-cquilateral, acut<»-angled-isosceles, and 
acute-angled-scalene ; while right-angled and obtuse-angled 
triangles may bo divided into right-angled-isosceles, right- 
aiigled-scalouo ; obtuse-angled-isosceles and obtuse-angled- 
scalene. 

Every division should be progressive ; it should proceed 
one step at a time, and omit no intermediate species. 
Hence the old logical rule Divisio non faciat saltum — Divi- 
sion must not make a leap. If thia rule is broken we 
need not l>e surprised to find that some of the members of 
the whole we start to divide find no place at all in any of 
the members into which we have divideil it ; for in ondt- 
4ing an intermediate class the distinctive marks of that 
class will probably at the same time liave been overlooked, 
and thus, individuals having those marks, but not possess- 
ing the distinctive marks of the lower species contained in 
the division, will have l>een omitted. 

(ii) Logical Division is indirect and partially ma- 
terial. — But few words are needed to show the utility of 
division. £ve ]7 subject is treated more easily md com- 
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prehended more thoroughly when its various parts are 
arranged in an orderly way. Division, in fact, adds clear- 
ness to our notions, as dohnitiou niakes them distinct. 
As compared with deHiiition, however, logical division 
is a secondary and iiidircv't process, for it is a necessary 
assumption of formal logic that the connotation of a 
class tenn determines its denotation. We do not select a 
number of objects indlscriiiiinatcly.and then seek for some 
attributes common to them all, which may form the con- 
notation of the class- name we affix to them. We start 
from the class-names of ordinary speech and from the 
more or less definite meaning attached to them, and then 
include or exclude individuals from that class in accord- 
ance with their possession (»f, or want of, that meaning. 

As knowledge advaiu^es the meaning l)econieH more 
definite and exact, and the application of the term is 
in consequence made more precise. This is practically 
much less the actual })roe^Hs in some insUnccs than in 
others, but, formally, we must assume the class to be 
always determined by the connotation Jind not by the 
denotation. Besides, division must pre^supposo more or 
less complete definitions of the names of the sjxxjies into 
wliich a given genus is to bo divided ; for it is only by 
appeal to such definitions that we can determine a/a?(4a- 
mentum divisions \ while every definition of a species- term 
per genus et differentiam suggests such a fnndamentum, 

Hei|be, we also see that no division ciin be purely formal, 
that is, involve no appeal to knowledge outside 4he matter 
given. If we are simply given a genus we cannot even 
begin to divide it ; for, of necessity, the attributes which 
separate one species from another can form no part of the 
connotation of the genus. Every such attribute must be a 
separable accidens of the genus, and can only be known by 
an appeal to sources of information other than the conno- 
tation of the name of that genus. Moreover, for the 
division to be of any practical use, this appeal must be to 
the objects themselves which are includea in the genus ; 
for only thus can we be sure that we are dealing with 
really exj^ting classes of things. Thus, every division 
contains, at least to some extent, a material element* 
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That element, without which the formal process cannot 
start, gives the basis of the division. Formal logical 
division, therefore, is inadequate for the purposes of 
modern science, which lias develo[)ed elaborate schemes of 
classification. These, liowcver, rest on and assume the 
formal principles of the earlier process, just as all thought 
assumes the fundanieiibil postulates of knowledge we 
discussed in Chapter II. We shall do well, then, to con- 
sider division before going on to deal with classification, 
and in doing so we shall be following the order of historical 
as well as logical evolution. 

(iii) Operations somewhat resembling Lo^cal Di- 
vision. — As a logical division is the analysing of a 
genus into its species it follows that only general terms 
can appear in it. A singular term cannot be divided, for 
it is a name a 2 >plicable in the same sense to one individual 
only ; and the logical meaning of an ‘ individual ' is that 
which is incfipable of logical division. And the division 
must stop at injimae epecieB ; for to go further would be to 
enumerate individuals, and this, as lias been already pointed 
out, is not logical division. Hence, Logical Division must 
be carefully distinguished from 

(а) Physical PoHition^ which is the splitting up of an 

individual into its constituent parts; as, for 
instance, a ship into hull, masts, sails, rigging, 
etc. 

(б) Conceptual Analysis, or the enumeration of the 

attributes of a class or of an individual; as 
when we name whiteness, ducti^^ity, mallea- 
bility, etc., as the attributes of silver. 

(c) Distinction of the vario^is meanings of an eguu 
vocal teini ] as when we distinguish between 
*vice' meaning a moral fault, and 'vice/ a 
mechanical tool. 

In a logical division the genus can be predicated of 
each of the species, and of each individual member of those 
species. This follows necessarily from the fact that the 
definition of the species involves the genus. ForHnstanoe, 
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if we divide animals into men and brutes, we can pi'edicate 
of each man and of each bruto that he, or it, is an animal. 
In none of these other processes, however, can the whole 
he predicated of the parts. We cannot say ‘ A mast is a 
ship,’ or ‘Whiteness is silver.’ In the case of Distinction, 
of course the same iierbal symbol can l)e predicated of each 
of the meanings : ‘ This tool is a vice,* or ‘ This fault is a 
vice.’ But the same definition— that is, the same conno- 
tation — cannot be so predicated, which shows that it is not 
the same logical term which is predicated in each case. 

This illustrates anew what was said before — that an 
equivocal term is really and logically two or moi ‘0 tenns.^ 

2. Principles of Logical Division. — That a valid 
division satisfies the following conditions may be gathered 
from the preceding section — 

I. Each act of division must have only one basis. 

II. The sub-classes must he together co-exfensive with 
the whole. 

• III. If the division he a continued one (i.e. embrace 
more than one step), each step must he, as far as 
possible, a proximate one. 

Or, more briefly : The division must (i) avoid cross division, 
he (ii) exhaustive, and (iii) step by step. Evidently only 
the first two principles apply to a single act of division ; 
the third refers to the relation of one division ^ another 
in the same series. 

Prinpi^e I. — Tliis princijde is fundamental and really 
implies the other two. A divi^iion made on more than 
one basis would be woidhless. It would be nearly cer- 
tain to include some individuals in more than one sub- 
class, so that the total denotation of the species would 
be apparently greater than the denotation of the genus. 
If, for example, triangles were divided into isosceles, 
scalene, and acute-angled, every possible triangle would 
faU into one or other of these classes (for every equilateral 
triangle is acute-angled), but some would fall into more 
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than one; viz. those which are acute-angled-isosceles and 
those which are acute-angled-scalene. 

But we have no guarantee that the opposite fault will 
not 1)0 committed and tlie division l)e made too narrow by 
the exclusion of some individuals from every sub-class. If 
we divided triangles, for instance, into equilateral, obtuse- 
angled, and right-angled, we should not, indeed, include 
any individual twice, but we should exclude all acute- 
angled -scalene and ficutfsangled- isosceles i-riangles. Our 
division is too narrow. Very probably both faults will be 
committed; some individuals will l>e included more than 
once and others omitted altogether. Thus, if wo divide 
triangles into ecjuilateral, iso.sceles, and right-angled we 
include right-angled-isosceles triangles twice, and exidude 
obtuse-angled -scalene and acute-angled- scalene triangles 
altogether. 

It may, indc(Ml, occasionally happen that a division may 
be made i)n two ost;ensible oases and yet be practically 
ixccurate. But it is only in the excA^ptional instances when 
one atiribute solely involves, and is solely involved by, 
another that this can occur. And then, as has been 
said, the two apf)arent bases are really one. For example, 
a <livision of triangles into equiangular, isosceles, and 
scalene would l)e botJi exclusive and exhaustive ; but tliat 
is simply l)ecau 8 e all equilateral triangles, and they only, 
are equiangular, aud so the division coincides with one 
made on the single basis of the relative lengths of the sides. 
Only when we have but one basis of division can we be 
sure that our sub-classes are necessarily exclusive of each 
other — that no individual can be placed in more than one. 

Principle IZ. — We have seen that a violation of the 
first principle is apt to lead to a too narrow division, 
that is, to the exclusion of part of the denotation of 
the whde from each of the sub-classes. In practice the 
same fault may be coiiiniitted, even if that principle be 
rigidly adliered to; for it is possible to omit one or 
more of the sub-classes in any division. We should get 
too narrow a division, for example, by dividing trianpes 
into e(i|uilaiei'iil aud scalene, and omitting isosceles. 

Other examples of too narrow divisions are of men into 
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good and bad, of books into iusiriictive and amusing, of 
objects into useful and ornamental. In such simple cases 
as these the fault is not likely to l)e committed, but when 
we ai-e dealing with matter as complex as nature continu- 
ally presents to us it inquires great care to ensure that we 
have made a comjilefe enumeration of all the species con- 
tained under a genus. This, of course, depends on our 
knowledge. It is ojily when that is adequate that our 
division really coincides with the distinctions existing in 
the world. And often we do not know tlie degree to which 
our knowledge is complete. So we see that logical division 
really is an arrangement of our thoiights according to our 
knowledge — an arrangement which may be of any degree 
of coincidence with tlie system of nature. It is hero that 
we see both its inadequacy for science and its basic re- 
lation to the classifications of science, which are of neces- 
sity ariungeineuis not only of tilings but of men^s thoughts 
of things. 

The o})posite fault is to make the division /oo widr; that 
is to include among the species some objects not denoted 
by the genus. This, again, is not likely to oc^'ur in simple 
cases; few, for example, would think of dividing cjoins 
into gold, silver, bronze, and banknot/es. But an indis- 
tinct apprehension of the connotation —that is, of tlie 
definition — of any of the terms we employ in our division 
may lead to this fault when we are dealing with complex 
matter. 

It is plain that if this rule is broken we have not really 
divided the genus at all; but either only a part of it — 
when the division is too narrow ; or the giiiius and some- 
thing else as well — when the division is too wide. In a 
true division the sum of the denotations of the species 
exactly coincide with the denotation of the whole; and 
only when this is the case has the genus given been 
really and accurately divided. 

These two related principles may be summed up sym- 
bolically. 

If a genus, G, is divided on the basis, D, into the 
species, igi - - - Sn, then D appears in each species 
in a special form, ^ • dn^ 
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Then tlie first principle gives 

0{D) 

I 

I ■ I 1 

A', .S', 

(=.(7rf,) (:-(/(/,) (= 

And the second demands tliat in denotation 
.S, -f .S'j -f- - • - ‘Si 

Principle III. — This has been already discussed when 
it was remarked divisio non faciat sultum, and it was 
pointed out that a violation of it usually leadj to a division 
being too narrow. 

3. Division by Dichotomy. — A Logical Division can 
1)6 assured of absolute /’omaZ validity when it proceeds by 
dichotomy, that is by division at every step into a positive 
term and its corresponding negative. Tliis process is 
formally perfect, for it is wholly based on the Principles of 
Contradiction and Excluded Middle. 

A strictly dichotomous, or bifid, classification can always 
be thus formed, and it can never violate any of the 
principles just considered. But in relation to real thought 
about real things it lies open to the objections — 

(a) That, at each step, one of tlie sub-classes — and 
that frequently the hu^gest ; viz. that denoted by 
the negative term — is entii^ly undefined in its 
extent ; and, no matter liow far the process of 
sub-division is carried, the last term must always 
be formally left thus indefinite. 

(h) That, in so far as it is formal, it is entirely hypo- 
thetical; the division does not guarantee the 
existence of any of the sub-classes. 

(c) That it is excessively cumbrous. It seems absurd 
to divide a genus into two classes when it evi- 
dently falls naturally into some other, and 
equally definite, number of species, and to do so 
obscures the fact that these species are co- 
ordinate. 
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Wo may illustrate the process by the followmg 
examples : — 

(i) 


Men 


Kuropeans non- Europeans {\f any) 


Frenchmen non FiencUnien {if any) 


soldiers 

Men 


noii-soklifi'fl {if any) 

(ii) 


Kuropeaiis non -Europeans {if any) 


Asiatics non-Asiatics [if any) 

I " ^1 

Africans non-Africans (if any) 

Americans non Aiml i«;anH (if any) 


Polynesians non Polynesians (if any)' 

It is evident that these, like all other divisions, 
as the? are not hypothetical, have material bases. It is by 
^^^the roller that we know that some men are 
^^^8. Even then, the existent of non-Europeans 
i hySitical unless we make a 

matt^ Similarly, ‘ Frenchmen is not part of the ^ 

notation of Europeans— we must agam app^l to 

Every step is, therefore, either matenal, or wholly 

KShetiL. ind it is evident tkt a purely hypothetical 
di^on is of no practical use. 

• » C*. the Tree of Porphyry, pp. 4S-44. 



80 DIVIfllON AND CLA89IFIOATION. [CH. 7 

In all strictly dicliotcmous division we must, at least, 
finish with a hypothetical term of whose existence, or non- 
existence, the division leaves us absolutely ignorant. Every 
division may be reduced to dichotomy, but, as was said 
above, it is absurd to do this when we know definitely the 
number of sub-classes to which our basis of division will 
give rise. Thus we may make the division 

Triangles 


equilateral non-oquilateral 

isoMocloH non-isosoeles 

soalene non-soalene {if any)m 

Wo know that the last class does not exist, for equi- 
lateral, isosceles, and scalene form a complete enumeration 
of the species of the genus triangle on this basis of 
division, and these species are co-ordinate. This shows, 
however, that every division on one basis into more than 
two sub-classes may be expanded into several successive 
divisions on slightly difPerent bases. But to do this 
obscures tlie fact that they are co-ordinate in relation to 
the original genus. 

Dichotomy may at times be found a useful mode of 
testing the validity of a division — particularly in discover- 
ing whether it is exhaustive — and in finding the position 
of any assigned class. Thus, in the Analytical iCey pre- 
fixed to Botham’s Brituh Flora, which is intended to 
enable anyone who has a specimen of a certain plant 
before him to discover its species and its technical 
name, the arrangement is nearly entirely dichotomous, 
and, tor such a purpose, this form is the most useful. 
But to adopt dichotomy as a final arrangement would 
be absurd. A botanist, for example, starts at once with 
three classes of the nimmum genus * plant,’ viz. exogens, 
endows, and acrogens, and each of these is sub-divided 
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into varying numbers of orders, and these again into still 
further varying numbers of genera, and so on, with little 
or no regard to dichotomy, the object being to make the 
classification agree with the distinctions existing in the 
plants themselves. 

It may be added that every definition genus et 
differentiam suggests a division by dichotomy, and, con- 
versely, every such division supplies us with a definition 
of that kind. 

4. Nature of Classification. — We have seen that 
logical division is the analysis of the denotation of a Icrin 
as far as possible on formal grounds, thouj^h all referenco 
to material considerations cannot be avoided. Such a 
doctrine can be of little utility by itself: it limits thought 
to its own content, and thus does not prompt it to advance 
in mastery of the real world. But just as definition builds 
on the old formal basis of genus and difference, so scientific 
classification is founded on the princifdes of formal division. 
It goes beyond it, in that its essential interest is in the 
actual things of the world and their relations to each 
other, but it does not discard its principles, for if it did 
the organisation of reality it presented would be nullified 
by internal inconsistency. Every clas.sificatioii seeks its 
material in the world, but it only reprtjsents tliat maiei/al 
truly if it can also stand the test of formal validity. 

Glassification is systematic arrangement, and is thus at 
once the aim of science and, even in an incomplete stage, 
a great help to its advance. It reduces the l)ewiJd(‘ring 
variety of nature to some semblance of order, B(5eking to 
group together things according to ibcir likenesses and to 
separate them according to their differences, and that in 
such a way that the grouping may be profitable for tlie 
purpose in hand. There is no question for logic of an 
actual arrangement of real things in space and time. 
That, of course, may be made — as of the objects in a 
museum; but such physical arrangement is only the ex- 
TOession in fact of a system already coiistiiicted in thought. 
It is with classification in the sense of mental systematisa> 
tion that science, and consequently logic, are concerned. 

I. L. * G 
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The work of classifying the real things of the world is 
evidently one of extreme complexity, wliich can only be 
accomplisljed little by little. The most obvious divisions 
have been made in the past and are embedded in language. 
Every general name marks a classing of like things. But 
these clfisses are not only in many cases somewhat indeter- 
minate in tlioir extent and vague in their outlines, but they 
generally stand in no definite relations to each other. A 
lexicon of common nouns is in no sense a classification of 
things ; it gives us names of unrelated groups. 

If, then, vve take as a starting-point the name of a wide 
class of objects, say ‘plants/ how shall we proceed to 
group tlie innumerable plants which exist in the world ? 
Hero again the initial work has been largely done for us. 
Language gives us many groypings of individual things of 
very dilTerent degrees of generality. So we can speak of 
cabbages as well as of vegetables, of roses as well as of 
flowers, of oaks Jis well as of trees. These were the first 
rough genera and species. The subsuming of them all 
under tlje highest genus ‘ plant * was a great and fruitful 
step in generalisation. 

Sucli groupings Avere originally based on external resem- 
blance ; and the history of science presents many instances 
in which more exact knowledge has removed whole classes 
from one wider group to auother ; even from one highest 
genus to another, as when sponges Avere found to be animals 
and not plants as had previously been assumed from their 
general appearance. 

Moreover, such groupings have been made without any 
particular object. The things are massed together first 
because their similarity in some respect has been noticed. 
But if we set out to think exactly, it is always in reference 
to some special purpose. So we Avant to group the things 
about which we think in reference to that purpose. If we 
want to classify plants according to their medicinal quali- 
ties we shall take as our basis of division quite different 
qualities from tliose we should choose were it our object to 
arrange them according to their values as foods fOr man 
and Imst. The former of these would interest the doctor, 
the latter the farmer and market gardener. Neither would 
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satisfy the botanist, who would want to think the various 
plants in those relations to each other which would indicate 
their origin and descent. This last is, obviously, the classi- 
fication which takes plants just as constituents of organic 
nature ; and it, therefore, Wst shows theii: place in the 
general scheme of things. So it would be called the 
General Classification of plants. 

There are, of course, as many such general classifica- 
tions as there are sciences, and they often overlap. A 
medicinal classification will, for example, include objects 
from both the plant and the mineral world ; a chemical 
classification covers from its own point of view every 
material object. The old idea of a world made up as it 
were of water-tight compartments, to each of which corre- 
sponds a science, has had to yield to the view of one com- 
prehensive system, which, however, man can only study in 
separate aspects. His list of sciences is only a classification 
of his own modes of thought and investigation, in which 
he singles out certain classes of forces and relations for 
examination : but this singling out corresponds to no sepa- 
ration in reality. A plant is a subject for chemistry, for 
physics, for geology^ as well as for botany. But in botany 
only is it looked at essentially as a plant; in the other 
sciences its unity as a plant is disregarded. So for pLuits 
as plants the botanical is the General Classification ; that 
is to say, the highest genus for botany is ‘ plants,’ just as 
for medicine it might be ‘ drugs.’ 

None of the sciences has yet a perfect classification, 
though some are more advanced than others. • So it is 
plain that the systematising of them into a comprehensive 
thought of the world as a whole is not yet in sight. 

5. Special or Artificial Classificatione. — In addition 
to our attempts to organise our thoughts of things for 
purposes of exact and comprehensive knowledge, we often 
require to make temporary arrangements of an essentially 
artificial character. These are intended as a rule to enable 
us to find or identify any object amidst a number of 
others. That attribute which renders identification as 
easy and certain as possible is chosen as a basis, whether 
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it has, or has not, importance in itself. A very familiar 
instance is the alphabetical arrangement which is found to 
be most serviceable in dictionaries, library catalogues, and 
indexes of books, the sole purpose of which is to indi- 
cat^e where a certain word, book, or statement, is to be 
found. At each step the alternatives are quickly narrowed 
down until we are led with certainty to the object of our 
search. 

Useful as such an arrangement is as a key, there its vali- 
dity ends. It is founded on a conventional distinction; 
its value is confined to the language in which it is written; 
it does not admit of any general statement being made 
about any of the groups which are formed. The M group, 
for inshince, may — like Monmouth and Macedon — ^have 
practically nothing in common except their initial letters. 
Nor does it form a permanent part of the results of the 
investigation and research to which it is subsidiary. , 

An alphabetical arrangement is impossible where the 
number of objects to be classified is quite indefinite. Then 
a loss simple method is needed to ensure a speedy identifi- 
cation. Thus the animal and vegetable kingdoms comprise 
innumerable individuals, and it is desirable for the pur- 
poses of study to be able to identify and name ^y given 
specimen. Since, from the nature of the case, there are no 
conventional marks, it is necessary to choose as distin- 
guishing characteristics some property or properties of the 
objects themselves. Any easily recognisable attributes 
which are sufficiently distinctive will answer the purpose : 
they are not chosen for their intrinsic importance, but 
solely as convenient descriptions of the objects specified. 
Some of the classifications of the earlier natuiulists were 
of this kind. Linnaeus, for example, arranged plants into 
twenty-four classes distiuguished by the number or by 
8ome< x)ther simple characteristic of the stamens. This 
was of great service to the student, who by a brief exami- 
nation of the stamen and pistil was able at once to assign 
a new plant to its proper place. 

Similar service is rendered by such an index to a more 
scientific classification as the analytical key prefixed to 
Bentham's Flora. The object is stUl to enable rs to find 
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the name of a plant of which we have a specimen be- 
fore us. As an arrangement with only two alternatives 
at every step is found to offer the most ready means for 
attaining this object, that is the plan almost exclusively 
adopted. Thus, flowering plants are first divided into 
those whose flowers are compound, and those which are not 
compound. Tlieu the former are sub-divided into those 
with one seed, and those witJi more than one ; and the 
latter into those in which the j)erianth is single, and those 
in which it is double ; and so on. Here we see a direct 
application of the most formal kind of division — ^that by 
dichotomy. 

A classification which serves as a key to a more general 
classification is generally called a Diagnostic Classification. 
Such classifications have been called Artificial as opposed 
to those based on deep knowledge of nature, which have 
been termed Natural The distinction originated in a 
doctrine, now exploded, that ‘natural kinds* existed in 
nature which were sharply and definitely separated from 
one another by an unknown and indefinite number of per- 
manent differences, and that a natural classification should 
correspond in its divisions to such natural groups. All 
other classifications were regarded as arbitrary and, there- 
fore, ai*tificial. But no such fixed divisions do exist in 
nature, and the distinction as originally conceived conse- 
quently falls to the ground. The names, however, are still 
often retained, and then they correspond broadly jjio the two 
divisions we have made. 

The objection to the terms is that the distinction they 
indicate by their meaning is not clear. For in a sense all 
classification is artificial : it represents that mental group- 
ing most convenient for our purpose, and is based on 
qualities selected with reference to just that purpose. And 
if it be said that an alphabetical arrangement is purely 
artificial because it is not based on attributes of the objects 
themselves, an analytical key will scarcely be called natural 
b^use it has such a basis. It remains a device or artifice 
for a special purpose in spite of the fact that the marks of 
identificaftion are sought in the nature of the object, and 
are not imposed from without. The distinction between 
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artificial and natural classifications is then one of degree, 
and it would \)g well to discard the t-erins altogether. 

6. General or Scientific Classifications. — The aim of 

all scientific classification is to group objects in thought 
according their actual affinities. These affinities, as has 
bfieii said, are many, and differ according to the aspect 
of truth under consideration. The grouping of plants 
according to their poisonous qualities would be different 
from the botanical grouping. But plants only come into 
the former classification, incidentally — they are not the 
reason and justificaf ion of its existence. In the botanical 
classification they hold the supreme position. Yet our 
knowledge of the world needs to embiuce the former rela- 
tions as well as the latter ; and it would be absurd to say 
that from that widest of all points of view the one is more 
essential than the otlier. 

Yet, as we have seen, certain classifications agree most 
closely with the most marked and obvious groupings of 
things. The botanical is thus the most natuml classifica- 
tion for plants, and indeed the only one which regards them 
simply as plants. But it is as plants that they have their 
place ill existence; as drugs or as food their existence is 
regarded not in itself, but simply in certain relations to 
man or animal. So the botanical classification of plants 
may be regarded as more fundamental than the medicinal 
or the agricultural, and as dealing more directly with the 
nature of the things themselves. 

Still, this must not be pushed too far. For the complete 
nature of a poisonous plant is only knowm when its power 
of harmful reaction on animal life is known. So long as a 
classification aims at setting out truly relations and affini- 
ties actually existing in things it is scientific in its reference 
and in its nature. Whatever the purpose in view — as 
indicated by the highest genus chosen — file questions to be 
asked at each step are : In this relation what is the true 
, nature of this object ? what are its affinities to other 
objects ? how, then, for this purpose should it Ijfi classed 
so that the arrangement of classes shall correspond with 
the, degree of closeness of these affinities P 
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The difficulties in the way of classification are great. 
Logic, of course, can never tell us what attributes should 
be chosen as the basis of a division. Wide and intimato 
acquaintance with the department of knowledge concerned 
will alone enable a wise selection to be made. For the 
problem is the same as that of framing a scientific defini- 
tion. Just as in common speech every genenil name marks 
a class, BO, but with greater accuracy, does the definition 
which results from scientific research. But we have seen 
how intractable to exact determination are physical ob- 
jects, whether organic or inorganic. In the last resort 
we are left, say in the case of a chemical element, with 
the co-existence of certain properties, and in the case 
of a living thing, whether plant or animal, with the co- 
existence of certain characteristics without any apparent 
connexion l)etween them. Now we desire to hold together 
in thought those things which really resemble one another, 
and it becomes essential to determine which collocation of 
attributes most truly represents thiur nature. In other 
words, we have to ask what attributes are the most impor- 
tant, and on what principle, if any, are they to be selec'led. 

The history of classification shows that men of scitjKje 
have long been groping their way towards answers to 
these questions, and that only in comparatively recent times 
has a satisfactory principle been suggested. 

At first only the most obvious reseuibhinces were noted. 
Thus we have the ancient division of plants tnto trees, 
shrubs, and herbs. And for a long time the tendency was 
to seek out the obvious and the superficial, and to count 
rather than to weigh characteristics that appeared alike. 
But in time it was found that this })rocedure was mislead- 
ing, and that species were often akin although externally 
very dissimilar. This stimulated men to prol)e diaper. 
Some characteristics were found to carry with tliem many 
others, and though often no reason could be given why 
this should be the case, they were regarded as dominant 
characteristics and made the basis of classification. Again, 
the orgafis which subserve the processes of life are of such 
obvious importance and utility to the individual and to 
the species that they were pressed iuto the same servige. 
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Now both these bases are extremely serviceable in the 
pnictical work of science, but both are defective. The 
cluirticteribtic which is of the first importance in one case, 
and which seems to dominate the whole being of an animal 
or plant, is in another of altogether minor import. This 
led to divisions on many bases. ‘‘So with plants, how 
remarkable it is that the organs of vegetation on which 
their whole life depends are of little signification excepting 
in the first main divisions, whereas the organs of repro- 
duction with their product the seed, are of paramount 
importance.*’ ^ 

The object of the search throughout was to reach divi- 
sions in which things having the most affinity should be 
placed together. The doctrine of evolution taught that 
affinity should no long-er be regarded as a metaphorical term 
implying resemblance, but should be taken as implying 
that family relationship which is the primary meaning of 
the word. It thus supplied the principle of community of 
descent as the binding thread for scientific classification, 
and made those characteristics important which indicated a 
common origin. 

Under the influence of this conception the aim of classi- 
fication has been completely revolutionised. Whereas 
formerly the realm of organic life was assumed to consist 
of a definite number of species which could be separated 
from one another by definite marks until the whole 
number of species had been enumerated and desci*il>ed, 
now, as it exists at any given moment, it is considered 
rather as the result of descent from a common ancestry 
Avith the modifications which successive ages have wit- 
nessed. The ideal for the older classifications was that 
of a formal division in which the highest genus was so 
divided that the sub-classes Avere mutually exclusive and 
at the same time co-ex tensive with the whole ; the aim 
for the newer is rather the construction of a genealogical 
tree Avhich Avill just as sui*ely include every member of the 
family. Were it possible, for instance, in the animal 
kingdom, existing species would be traced back from im- 


‘ Darwin, Origin of SpecitB, Ch. 13. 
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mediate to remote ancestors until their common origin 
appeared. At each step the relationship between one 
class and another would be sufficiently evident for the 
degree of affinity to l)e observed, and those which were 
nearest of kin would be classed together. Thus s^)eci6s 
which are derived from the same gen ns would come 
nearer to one another than to those derived from another 
genus, and genem would be more nearly related than the 
species to wliich they give rise. Indeed at each remove 
upwards the relationship would be('oine closer, until the 
endless variety of species was seen to issue from an 
ancestry common to all. Such a table would have the 
great advantage of being drawn up on a common principle 
throughout. 

It is not implied that the actual procedure is always from 
the species upwards. The reverse process is also used in 
practice. Indeed the construction of such a genealogical 
tr^ is beset with difficulties on all sides. For it must 
embrace not only existing species, but many of which fossil 
remains are now the only evidence. Ideally, too, it should 
contain others of which the existence can only be con- 
jectured. Gaps in the relationship exist, and in niiuiy 
cases all certain evidence of affinity is lost. Then the 
scientist has to fall back upon other characters to constitute 
his classes. 

Nevertheless the doctrine of descent with modifications 
is a clue of the greatest importance, and indicates*the kind 
of evidence which should be sought. We are guarded, 
for instance, from the natural mistake of supposing that 
characters essential to the maintenance of life are good 
guides to natural affinity. They may be useful, but 
resemblances in this respect may be merely the result of 
adaptation. External resemblance is, inde^, of no scien- 
tific significance. It might have been thought (and was 
in ancient times thought) that those parts of the structure 
which determined the habits of life and the general place of 
each being in the economy of nature would be of very high 
important in classification. Nothing can be^more false. 
No one regards the external similarity of a mouse to a 
^hrew^ of a dugong to a whale, of a wlbile to a fish, of 
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any importance.”^ The possession of organs now useless 
often gives a better indication of descent. 

The process of evolution is not yet eiliausted. Present 
species are liable to modification or even to extinction, and 
there is the possibility of new forms being evolved. The 
classifications of to-day, therefore, are in a sense transitory. 
No doubt they are permanent so far as they are correct. 
Past history shows that vast epochs of time have been 
necessary for the transformations which are already 
known, nor is there any reason to suppose that the changes 
which the future may hold will be effected any the more 
rapidly. The error in taking as fixed what has been de- 
scribed as a cross-section througli a continuous process is 
negligible. Error, of course, may arise through defects 
of observations, or through mistaken affiliation, but this 
does not affect tlie validity of the principle employed. 

Since a direct relation is established between the several 
classes of such a nature that we can pass from one to 
another through different degrees of descent, one class 
may be regarded as subsumed under another because of 
its affinity. The classification is then called euhsumpfive. 
Moreover it is found convenient, in order to describe 
the classes so fixed and determined, to use in each case, 
in addition to the terms ‘genus* and ‘species,* such 
terms as ‘kingdom,* ‘class,* ‘order,’ ‘family.’ Thus the 
animal kingdom has the vertebrates as one ‘ sub-king- 
dom,’ and this again is divided into the five ‘ classes,’ 
mammals, birds, reptiles, batrachians, fishes : these again 
are sub-divided into orders, families, genera, species, and 
of the last there may be a further sub-division into 
varieties. 

The theory of evolution has not involved a radical altera- 
tion of the classes established liefore its first enunciation 
by Danvin in 1859. In Botany, for example, most of the 
orders and families distinguished by Jussieu towards the 
close of the eighteenth century are still recognised. Other 
able workers in the same field contributed to the establish- 
ment of classes based on real affinities which ^ere little 


^ Darwin, Origin qf Species, Ch. 13. 
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understood. Out of wronp^ principles, or principles only 
partially correct, arose much valuable work. The classifi- 
cations thus blindly but brilliantly developed received their 
key and explanation in the doctrine of descent : this 
afforded a clue in doubtful cases, and a norm by which to 
connect the past and to control the labours of the future. 
“Community of descent is the hidden bond which natura- 
lists have been unconsciously seeking, and not some 
unknown plan of creation or the enunciation of general 
propositions and the mere putting together and sepamting 
objects more or less alike.*'* 

7. Limits of Classification. — The advantages of 
classification for the purposes of study lie on the surface. 
Whatever introduces order into the material under con- 
sideration makes it easier to grasp. Where the objects 
are so numerous that the mind is Ijewildered by their 
variety, a system which arranges them in groups on a recog- 
nised principle, especially if it be accompanied by a scientific 
nomenclature, is an invaluable aid to the memory. Only 
in this way do the species of the organic world, running in 
number to hundreds of thousands, become at all manag.^- 
able. 

Moreover, when a specimen is assigned provisionally to 
its place amongst those most closely allied to it, properties 
other than those noted for the purposes of classification 
are suggested, comparisons may l>e made, and iftferences 
by analogy may be drawn. And so the work of discovery 
and investigation is aided. 

Nevertheless it must be admitted that only in the so- 
called natural sciences of Botany and Zoology has classifi- 
cation been developed at all extensively. Organic kinds 
seem especially susceptible of being classed according to 
their origin. If we seek a similar principle in inorganic 
nature there is nothing corresponding to a genealogical tree. 
The physical sciences are concerned very largely with 
processes. These have a history, but it is not their history 
which is j^neipally important for their explanation, other- 


* Dtirwin, Origin of Species^ Ch. 13. 
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wise the method of experiment would be inapplicable. 
The guiding thread in such investigations is the principle 
of causation. Fruitful as this has been, it has not so far 
resulted in broad classifications at all comparable with those 
of the organic world. 

At the same time the principle is proving of increasing 
value in this direction. “ There is the physical classifica- 
tion into Solids, Liquids, and Ijrases. ihit these states of 
matter are dependent on temperature ; at least it is known 
that many bodies may, at different toinperatui-es, exist in 
each of the three states. Tliey cannot, therefore, be defined 
as solid, liquid or gaseous absolutely, but only within 
certain degrees of temperature and therefore as dependent 
on causation. Similarly, the geological classification of 
bodies according to relative antiquity (primary, secondary, 
tertiary, with their sub-divisions) and mode of formation 
(igneous and aqueous) rests upon causation, and so does 
the chemical classification of compound bodies according 
to the elements that enter into them in definite pro- 
portions.” ^ 

It is only, then, in a few of the sciences that classifica- 
tion has wdde scope. In itself, moreover, it is only a 
})veparatory stage. It determines its classes but does not 
answer the question why they are as they are. That is the 
task of explanation which can only be considered at a later 
stage. 

8. Scientific Nomenclature and Terminology. 

A Nomenclature is a system of names for the 
groups of which a classification consists. 

Ho classification could long remain fixed without a 
corresponding nomenclature, and evt ry good nomenclature 
involves a good system of classification. The two are 
indissolubly connected. It follows that only those sciences 
which have a fairly complete and generally received classifi- 
cation possess a true general nomenclatui’e — the sciences, 
that is, of botany, zoology, and chemistry. As tjfie classifi^ 


' Read, Logic Dtduciive and Inductive^ pp. 267-268. 
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oation must be the ground of the nomenclature it follows 
that the latter is a consequence rather than a cause of 
extended knowledge. 

Whenever a science admits of comprehensive heads of 
classification a good nomenclature recalls both the re- 
semblances and the differences betw^een classes. Sucli a 
nomenclature prevents our being overpowered and lost in 
a wilderness of particulars. The number of species of 
plants, for example, is so enormous that if each had a 
name which expressed no relation wdth any other, memory 
would find it impossible to retain more than a very small 
fraction of the whole number. The nomenclature should, 
therefoixi, be so constructed as to suggest these relations. 
There are two main ways of doing this — 

(1) The names of the lower groups are formed by 

combining names of higher and lower generality. 

(2) The names indicate relations of things by modifi- 

cations of their form. 

The former method is that which, since the time of 
Linnaeus, has been adopted in botany and zoology. In 
botany, for instance, the higher groups have (fistiiu'b 
names, Dicot yledoUt Homy Gcmniuvi, et(*. The species is 
marked by adding a distinctive attribute to tlie name of 
the genus, as viola odoi'ata, orchis maculata, etc. These 
distinctive attributes are not the logical differentia of 
the species, so the specific name is not a definition. They 
are, on the contrary, formed from all kinds of more or 
less important considerations ; for example, the Anemone 
Japonica was named from the country in which the 
plant was first observed. Tlie names of varieties, sub- 
vaiieties, etc., are formed on the same principle as those 
of species. 

second method of constituting a nomenclature is 
that employed in chemistry. This system of names is 
founded on the oxygen theory. It ‘‘was constructed 
upon . . , the principle of indicating a modification of 
relations of elements, by a change in the termination of 
the wor^i Thus the new chemical school spoke of 
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BVlphuric and sulpht^rot^s acids ; of sulpha^^s and sulphides 
of bases ; and of sulphi^re^s of metals ; and in like manner, 
of phospZtonc and ^^osjphorous acids, of ]gliOBjphates, phos* 
jpJiiteSy i^hoBphurets, In this manner a nomenclature was 
produced, in which the very name of a substance indicated 
at once its constitution and place in the system.” ^ 

We require, however, not only a system of names to 
designate classes, but a collection of terms which 
enables ns to describe individual objects. This is 
a Terminology^ and it embraces names of the proper- 
ties — shape, colour, etc. — and of the parts of the objects 
recognised in the science. Terminology is, in brief, tlie 
language in which we describe objects, and without de- 
scription tiiere can be no classihcation. All the names 
which form a terminology are general names ; though, by 
their combination, we can describe individuals. 

Botany is the only science which, as yet, possesses a 
complete terminology ; this, as well as its nomenclature, it 
owes to Linnaeus. The formation of an exact and exten- 
sive descriptive language for botany has been executed 
with a degree of skill and felicity, which, before it was 
attained, could hardly have been dreamt of as attainable. 
Every part of a plant has been named ; and the form of 
every part, even the most minute, has had a large assem- 
blage of descriptive terms appropriated to it, by means of 
which the botanist can convey and i*eceive knoAvledge of 
form and structure, as exactly as if each minute part were 
presented to him vastly magnified . . 

‘‘ Thus the flower was successively distinguished into the 
calyxy the corolla^ the stamens and the ^pistils \ the sections 
of the corolla were termed petals by Columna ; those of 
the calyx were called sepais by Neckar.”* 

If a term used in common life is needed for a scientific 
description, its meaning must be exactly determined. Apple- 
greeUy for example, must refer to one specific shade of 
green. Otherwise the term is ambiguous, and, therefore, 
useless for the purposes of scientific terminology.® 


' Whewell, Novum Organon JtenoivUwn, p. 275. 
• Ibid,, p. 315. » cf. ibid,, pp. 
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9. Fallacies in XMlTision. — A violation of any of the 
principles of division involves fallacy. We may thus 
enumerate three classes of fallacy of division, each violat- 
ing one of the fundamental pi^ciples, viz. — 

(i) Changing the basis of division. 

(ii) Omitting part of the genus to be divided. 

(iii) In a continued division, not proceeding by proxi- 

mate steps. 

These faults have been sufficiently discussed and illus- 
trated in our positive treatment of the principles of 
division.* 

* See pp. 76-78. 



CHAFrEH VIII. 

DEFINITION AND KINDS OF PROPOSITIONS. 

1. Definition of Proposition. 

A Proposition is tlie verbal expression of a truth 
or falsity. In other words, a proposition is a stateinont 
which claims assent, but may meet with denial. It is thus 
distinguislied from such forms of speech as commands or 
questions, with which, as such, logic has no concern, a.s 
they cannot enter into the structure of knowledge. They 
do not claim truth, nor can they be rejected as false. 
Only statements can be true or false, and in no other way 
can truth or falsity be expressed. A fact is not true ; it 
simply exists. It is when we make a statement about it 
that we challenge assent. To deny a proposition is to 
assert its falsity; to assent to it is to affirm its timth. 
When a statement is false it may be so intentionally or 
unintentionally. In the former case it is a falsehood as 
well as a falsity. But with the ethical intention logic 
has no concern. The only question for it is whether the 
statement is in itself time or false. 

2. Kinds of Propositions. — The forms in which state- 
ments are actually made are rery various, but they all 
express one of three fundamental forms of assertion. The 
asEiertion may be absolute or categorical, as * Lions are 
fierce ’ ; or it may be bypothetioal when the truth of the 
main assertion is given as dependent on the fulfilment of 
some condition, as * If the season is wet the harvest will^ 
be spoilt * ; or lastly, it may be disjunctive when the 
statement is of several alternatives, as * Triangles are 
either equilater<il, isosceles, or scalene.' 

96 
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In the next place there is the fundamental distinction 
between assertion and denial — ^tho Qucdity of the proposi- 
tion as it is called. In other words a proposition may be 
either affiruativa or negative. 

Lastly, propositions d^er in the scope and definiteness 
of their reference. We may say ‘ All lions are fierce * ; 
* Some children are easily frightened * ; ‘ This town is 
healthy.* In actual speech the number of such variations 
is very large, but logically the important distinction is 
whether the statement is made definitely about every 
object of wliich it is made, when the proposition is called 
Universal, or whether its scope is left indeterminate, 
when it is styled Particular. This distinction is said to 
be one of Qua/ntiiy, 

8. Categorical Propositione. 

(i) A Categorical proposition makes an abSiAute 
sta^ment, as * Gold is yellow,’ ‘ The quality of mercy 
is not strained.’ No matter in what form such an asser- 
tion may appear in ordinary speech, logical analysis reduces 
it to the simple expression which may be symbolised by 
SUP, or 5 w not P, where 5 — ^the subject — stands for 
that of which the assertion is made, and P — the predicate 
— for that which is affirmed or denied of it. Not a little 
ingenuity is sometimes required to make this reduction, 
but till it is made, formal logic cannot deal with the judg- 
ment. Such an exclamatory statement as *Fire!^ must, 
for example, be expanded into some such proposition as 
‘That pi^perty is on fire.* Similarly, the impersonal 
assertion ‘ It rains * becomes for logic ‘ Bain is falling.’ 

Sometimes the statement is qualified by subordinate 
clauses embedded in it. In such cases the main predica- 
tion must be carefully distinguished from the subordinate 
assgrtionB. This, in itself, is a matter of grammatical 
ooitiitrnction. In other cases two logical propositions are 
united in one statement, as ‘ Gold and silver are precious 
metals,* or ‘ He is poor but honest,’ where it must be 
recognised that there are really two predications which it 
may be neoAsaiy to consider separately. In such eases as 
I. L. 7 • 
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" Graduates alone are eligible * the two-fold predication U 
abbreviated ; the full force of the proposition can only be 
represented by the simultaneous assertion of tv/o proposi- 
tions, ‘ Some graduates are eligible * and ‘ No non-graduate 
is eligible/ 

^ In every such re-statement care must be taken not to 
change the judgment — that is, the assertion intended to 
be made — but only its verbal expression. In other words, 
logic claims the right to translate the forms of ordinary 
speech, but not to change their significance. 

(ii) Analysis of the Categorical Proposition, — If 
we examine this form we see that it consists of two terms 
joined by is or is not, which is, therefore, called the Copula. 
Of the two terms that of which the assertion is made is 
the Subject ; from that the thought starts ; it is its fixed 
centre. The other is the development of that thought by 
the assertion of something further — this is the Predicate, 
Logic writes the subject first, 5 is P, but it is not always 
so in common speech. ‘ Blessed is the man who has loyal 
friends ' is an example of a very common inversion. When 
only a single sent^ce is before us it is easy to decide 
which is the predicate by asking which term expands and 
amplifies the meaning. But in continuous speech this 
often involves a reference to the context. 

Nor does the logical distinction necessarily coincide with 
the grammatical. The latter is always the noun or pronoun 
in the nominative case. But the former depends upon what 
is assumed to be known or granted, and what is the amplifi- 
cation made. Often it is best detected by asking what 
question the whole sentence may be regarded as answer- 
ing. The answer is the predicate. Thus, “This is an 
orchid ** may be an answer to the question “ What is 
this ?*' when ‘ orchid ’ is the predicate ; or it may answer 
the question “ Which of these flowers is an orebi^ ” 
when ‘this’ and the actual pointing out which 
implies is the predicate. Thus while the graudoati^l 
^tinction can be determined without going beyond, the 
individual sentence concerned, the logical distinction in 
the consecutive sentences which compose reah speech can- 
not. Doubtless the two often coincide even in such con- 
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tinnous speech, and when an isolated statement is all that 
is before us, we have no alternative but ix) assume that the 
grammatical is also the logical analysis, that is, that the dis- 
tinctions of thought are directly expressed in speech. So 
in the case supposed, if we have only the sentence, ‘ This 
is an orchid,’ we must assume that * orchid ’ is the predi- 
cate, as that term, on the face of it, defines and amplifies 
the meaning of ‘ this.* 

The copula merely marks the act of assertion. Doubt- 
less ‘is* sometimes implies existence, as when we say 
“Much evil is in the world.** But then ‘is’ is not the 
oepula: logic must translate the statement into “Much 
evil is existent in the world.** 

Tl|j|^ copula is always in the present tense. Any asser- 
tiofl^l past or future requires a separate predication. In 
th*6gioal proposition we, as it were, put ourselves at the 
point of time to wliich it refers. This is necessary, as the 
present is the only unambiguous tense. Propositions re- 
lating to the past or the future~as S was P, S will he P, 
cannot be conjoined in a formal argument, because there 
would be no assurance that they Imd any real point of 
identity. From 8 was Af, and M tvas P, we can infer 
nothing, for we do not know whether the connexion of S 
with M synchronised with the union of M and P, 

Moreover the use of the present tense enables us to 
express the coexistence of attributes in the same subject. 
We recognise that gold is at once yellow, and heavy, and 
malleable, though we can only test those qualities succes- 
sively. 

Though we can thus analyse a proposition we must not 
forget that all the time the proposition is a unity and 
expresses one single thought. Subject and predicate do 
not exist as separate thoughts, but as distinguished ele- 
ments in one thought. This unity of the judgment the 
co^la also expresses. 

(ill) Quality of Categorical Propoaitiona. — Every 
statement either affirms or denies the predicate of the 
subject. So we have the ultimate distinction between 
Aflltniative and Vegative Propositions. In the facts 
there is no 'mere negation. The denial that 8 is P can 
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onljr be justified by the fact that S has some attribute 
which is incompatible with P, If gold is not blue it is 
liecause it has some other colour. Were blue denied of 
that which cannot have colour at all there would lie no 
real assertion. That * vice is green and virtue red ’ is an 
unmeaning jumble of words masquerading as a proposi- 
tion. But though reality is thus always positive, yet 
thought may only Ix) concerned in denying some statement 
about it, without specifying the reason for the denial. 
Hence the negative form of proposition, which simply 
denies, is cor«^ctly recognised by logic as Equally ultimate 
with the aflinnativo form. 

(iv) Quantity of Categorical Propositions. — Though 
the assertions of ordinary life are of many degrees of 
dehniteness, the only really formal distinction is between 
explicit, refei'eiice to all the subject and indefinite reference 
to some unspecified part of it. 

The former propositions are called Universal, the latter 
Particular. Symbolically the former are expressed affir- 
matively by Every S is P, Each S P, All os are P ; or 
negatively by No S is P\ the latter by Some S's are P ; 
Some S's are not P, 

It will be noted that * Particular ’ here has a different 
meaning from that given to it in common speech. There 
a ‘ particular ' proposition would naturally mean, a state- 
ment about a particular person or thing, as ‘ This boy is 
clever ’ ; ‘ Mr. Asquith is the premier.' These in logic are 
called Singular Propositions. Their chief function is to 
bring a special case under a general rule, as if we say ‘All 
Secretaries of Stato receive high salaries ; Mr. Churchill 
is a Secretary of State; consequently Mr. Churchill re- 
ceives a high salary.' From the jpoint of view of logical 
quantity they are resided as akin to universals, as they 
evidently assert definitely that their predicates are tr^ of 
the whole denotation of their subjects. 

Similar to these are propositions made about a collective 
subject as a whole— as * The Romans conquered Gaul.* In 
a true universal the predication is made of every mdividual 
which bears the class-name which stands for the subject. 
It is, therefore, better to write Every S is P or Ead^ 5 is P, 
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tbaxi All ^ is P, For *all ’ is ambiguous in this respect, 
and propositions true of All S taken collectively are not 
true of each S taken distributively. It is well to mark the 
distinction between the distributive and the collective use 
of terms with which we have already dealt by using ‘ All 
S 18 P* only when P is asserted of the whole group S taken 
together. 

When we wish to express a universal negation the only 
unambiguous form is No S is P, To write Every SUmt P 
or All are not P is ambiguous. Strictly interpreted, 
indeed, these propositions are justihed if a single excep- 
tion can be found to the rule that S's are P. ‘Every 
statement in a newspaper is not true * does not imply that 
the whole contents of the press are to be rejected. If we 
wish to assert that we must say ^ No statement in a news- 
paper is true.* 

In form the universal proposition suggests that it is 
justified by a complete examination of all the instances. 
This, however, is seldom the case. The mil basis of the 
judgment is such a knowledge of 8 and P as makes it 
evident that wherever S is found, P will l)e present; or 
on the other hand that P is incompatible with S. 

This would be expressed by saying S as such is P \ or 
S as such is not P, and such judgments are called Oemric, 
For example, ‘ Right-angled triangles are by their nature 
inscribable in semi-circles.’ For the purposes of formal 
logic, however, these judgments must be translated into 
the oixiinary universal fonns. If we simply say S w P we 
do not make it clear whether we affirm P of every S or 
onW of an indefinite portion of the S^s, 

It is this indefiniteness which marks the Particular 
Propositions, with Some S's as their subject. Of course 
no sensible person says ‘ Some 5 ’ when he knows ‘ Every S ’ 
would be true. So in common speech ‘Some’ is often 
meant to imply ‘ Some, but not all.* Similarly it is not 
used when we know the proposition t6 be true of only one. 
But even in common speech these limitations are not 
always implied, and in logic they are always excluded. 

S*s are P expresses imperfect knowle<lge. Certainly, 
in fact each*5 is either P or is not P, But our knowled^ 
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does not always cover all the facts, and so we cannot say 
which is which. We cannot, however, rest satisfied with 
this imperfect knowledge in any matter about which we 
desire exact thought. So our researches must be pushed 
further. Either we must find that in reality the P which 
we already know to belong to some of the S’s really belongs 
to them all ; or we must make among the S' 8 two classes 
— one which is P and one which is not P — and discover 
what other differences separate them. Then to each of 
these we give a special name and so reach two universals — 
Every SM is P, No SN is P. 

When no sign of quantity is given the proposition is 
formally indesignate, as “Birds are feathered.” Some- 
times extraneous knowledge tells us that this is a generic 
judgment and therefore really universal. Wanting this, 
it must be interpreted as particular. 

If an Indesignate Proposition is negative, the predicate 
must evidently be either a separable accidens of the subject 
or an attribute never found in that subject. In the former 
case, the propositions are particular ; as ‘ Englishmen are 
not cowardly.’ In the latter case they are, of course, 
universal, as ‘ Englishmen are not negroes.’ 

Logic reduces to ‘some’ all the signs of quantity of 
ordinary speech, such as ‘ any,’ ‘ a few,’ ‘ few,’ ‘ most,’ ‘ two- 
thirds.’ They are all indefinite in reference. There is this 
peculiarity about ‘ few,’ that it really states by implication 
a judgment of opposite quality to itself. ‘ Few poets are 
greater than Shakespeare ’ is really a rhetorical mode of 
saying that ‘ Most poets are not greater than Shakespeare,* 
and is, therefore, best represented by the particular nega- 
tive fonn — Some S's are 7iot P. This, however, is again 
only a case of translating the language of common life into 
the form demanded by formal logic. 

(v) The Four-fold Sohomf of Propositions. — Jf we 
combine the divisions under Quality with those under 
Quantity we get a four-fold Scheme of Categorical Pro- 
positions, viz. Universal Affirmative, Particular Affirma- 
tive, Universal Negative, Particular Negative. These it is 
customary to indicate by the letters £« O, fespeotively, 
those letters being the first two vowels of the I^tin verb 
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affirmo (I affirm), which represent the Universal . Affirma- 
tive (A) and the Particular Affirmative (Z) ; land the 
vowels of the Latin verb nego (I deny) which stand for 
the Universal Negative (B) and the Particular Negative 
(O). By writing these letters between S and P we obtain 
a brief symbolic mode of expressing propositions. Thus — 

A - Every S is P - S a P. 

I - Some S*8 are P - S i P. 

IE • No S is P • S e P, 

O - Some S*s are not P - S o P, 

(vi) Distribution of Terms. In every affirmative pro- 
position, whether universal or particular, we assert that a 
certain subject possesses an attribute P, but we make no 
assertion as to the full extent of the denotation of P. We 
do not consider wluither or not other objects exist of which 
P can also be predicated. In some cases there are such 
objects — as when we say ‘ All lions are tierce,’ for tJiero are 
certainly other tierce animals ; in other cases there are not — 
as when we say ‘ All diamonds are pure crystallised carbon.’ 
But in no case is any explicit reference made to the full 
denotation of P. In every affirmative proposition, there- 
fore, the predicate is left iiidetinite as to its denotat on, 
and is, therefore, undistrihnted- 

In a negative proposition, on the other hand, when we 
look at the predicate in denotation we find that, in every 
case, it is distributed. For if the subject is not definitely 
separated from the whole extent of P, it may at least 
partially agree with it, and then there is no negation. 
And this is indeptmdeiit of the extent of tl*e subject. If 
we deny P of only one individual — as when we say ‘ This 5 
is not P’ or 'An S is not P’ — yet we must deny that any 
and every P is the S in question, or we have evidently 
denied nothing at all. 

If we now sum up our results as to the distribution of 
each of the tenns in each kind of categorical proposition 
when imd in denotation, we have — 

(1) Universals (A and B) distribute their subjects; 

* Particulars (I and O) do not. 
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(2) NiiijatlveB (E and O) distribute their predicates; 

Affirmatives (A and I) do not. 

Thus, E distributes both subject and predicate. 

A distributes its subject ouly. 

0 distributes its predicate ouly. 

1 distributes neither term. 

4. Hypothetical Propositions. 

(i) Nature. A Eypothetioal Proposition is one in 
which the predication made in one proposition is 
asserted as a consequence from that expressed by 
another. The proposition containing the condition is 
called the Antecedent or Protasis, and is introduced by 
some such word as If ; that containing the result is termed 
the Consequent or Apodosis. For example, in the 
sentence *If all prophets spoke the truth, some would be 
believed,* the antecedent is all prophets spoke the 
truth,* and the consequent is * some (prophets) would be 
lielieved.* 

The most general symbolic expression of the hypothetical 
proposition is ^ A then C, where A and C represent not 
terms but propositions. Other forms frequently given 
may be included under this general expression. Of these 
one of the most common If A is C is 0, but the one 
which most truly represents the natui-e of the judgment 
expressed by the proposition \b If S is M it is P, where 
both the protasis and the apodosis have the same subject. 
This form indicates that the essence of the judgment is 
the explicit assertion that the ground of the attribution of 
P to 5 is found in the fact that S is M. 

When the proposition contains four terms, and, there- 
fore, falls at once under the form If A is B,C is 0, analysis 
of the meaning frequently shows that this is a mera accident 
of expression, and that the real subject of thought is the 
same in both antecedent and consequent, so that the judg- 
ment may be equally well express^ by a proposition of 
the form If S is M it is P. Such i*eduction from one form 
to another is always allowable when it does not affect the 
meaning of the proposition, i.e. the real judgm^t. For 
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example, the judgment involved in the proposition ^ If tiie 
government of a county is good, the people are happj ’ 
finds perfect expression in ‘ If the i>eople of a country are 
well governed, they are happy.’ So, ‘If the barometer 
falls, we shall have rain ’ is reducible to ‘ If the state of 
the atmosphere causes a fall of tlie barometer, that atmo- 
spheric state will bring rain.* ‘ If we ascend a mountain, 
the barometer falls * is equivalent to ‘ If a barometer is 
taken up a mountain, it falls.’ ‘ If a child is spoilt, its 
parents suffer ’ may be resolved into ‘ If a child is spoilt, 
it brings suffering on its parents.* ‘ If you take a large 
dose of arsenic you will die ’ is expressed by ‘ If arsenic in 
undue quantity is taken into an anim^ organism, it 
causes death in that organism.* ‘ If patience is a virtue, 
some virtue may be painful * is the same as ‘ If virtue 
includes patience, then virtue may be painful.’ 

In other cases the translation is not so easy ; and links 
have to be supplied which are not explicitly stated in the 
original proposition. In other words, a hypothetical ex- 
pressed with four terms conceals the essential unity of the 
judgment it expresses, as there is in the symbolic state- 
ment no obvious point of union l)etween the antece<lent 
and the consec^uent. But the union is always there in 
thought when the proposition is expressed— as all real 
judgments always are — in significant words and not in 
mere empty symbols, and is generally found without diffi- 
culty. For example the point of unity involved in the 
judgment ‘If some agreement is not speedily arrived at 
between employers and workmen, the tr^e of the country 
will be ruined ’ is the recognition of the injurious effect of 
strikes on tiade, and the whole judgment may be expressed 
* If trade continue to be injured by strikes, it will soon be 
ruined.* Sometimes the union is found in the recognition 
that the subject of the apodosis is a species under the wider 
subject of the protasis, as in ^ If demagogues are mischie- 
vous, this stump-orator is mischievous,* ‘ If violent emotion 
is followed by a reaction, your fit of anger will lead to a 
reaction*; ‘If all savages are cruel, the Patagonians are 
cruel.* In other cases, both are recognised as species tmder 
the same ^nus, as in * If virtue is voluntary, vice is volim- 
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tary/ But-, in every case, where the judgment is really 
hypothetical— that is, asserts the consequences of a sup- 
position — such unity is present. No doubt, the hypothe- 
tical fonn of proposition is occasionally used when no such 
judgment is really involved, as when Mr. Grimwig in 
Oliver Twist said, “ If ever that boy returns to this house, 
sir, I’ll eat my head ” ; which was only a forcible mode of 
asserting disbelief in the realisation of the supposition 
stated in the protasis ; and was, therefore, in its essence, 
categorical. Such propositions are of but small value in 
a theory of knowledge. 

f In discussing the universal categorical proposition we 
Wnd that its justification must Ihj sought in a relation 
of content which is most appropriately expressed in the 
Generic Judgment, S is P. If such a judgment is true, it 
is because there is something in the nature of S of which 
P is the necessary consequence. If we make this explicit 
we have the hypothetical judgment If S is M it is P, where 
the sufficient ground for the predication of P is found in 
the presence of Af. Such a relation is nearly as explicitly 
stated in a Generic Judgment of the form S which is M is 
P, a fact which shows that the categorical and hypothetical 
forms are not separate and distinct species of judgment, 
but merge into each other, and are distinguished chiefly 
by the more abstmct character of the latter. In the hypo- 
thetical judgment Tve have got away from the concrete ; 
our proposition is an abstract universal, and deals with 
only one element in a complex whole. The judgment, if 
true, is necessarily and universally true, and yet may be 
incapable of concrete realisation. This, indeed, is so with 
geometrical judgments, such as *If a triangle is right- 
angled, it is inscribable in a semi-circle,’ for no concrete 
diagram is ever a perfect right-angled triangle or a perfect 
semi-circle. Still more clearly, perhaps, is this seen in such 
a judgment as ' If a body is given a certain movement, and 
if no counteracting conditions are operative, it will continue 
for ever to move in the same direction and with the same 
velocity.’ This is impossible of realisation in actual fact, and 
yet it is a fundamental law of physics ; that is, a necessary 
element in our mental construction of the materi&l world. ^ 
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( The hypothetical judgment is essentially abstract, and, 
as such, states connexion of content. But as the generic 
judgment hnds an enumerative or denotative expression in 
the universal categorical proposition, so many hypothetical 
judgments can l)e represented by what may, perhaps, be 
called concrete conditional propositions, whose general 
" symbolic expression is If any S is U that S is P, or When- 
ever an S is M that S is P. The denotative form has a 
reference to occurrence in time and space; it expi*esses 
connexion of plienomeua, and is, therefore, only appropriate 
when such occurrence is possible. In other words, it con- 
tains a distinctly categorical element, and is practically 
equivalent to the proposition Every S which is M is P, Its 
form, like the proposition Every S is P, suggests that it is 
based on enumeration of instanc/es, but its real justification 
is connexion of content expressed by the pure abstract 
hypothetical.") 

(ii) Belation to Categorical Propositions. — We 

have seen that as judgment becomes less occupied with 
concrete and complex phenomena regarded as wholes, and 
concerns itself more and more with abstract rehitions of 
content, it tends to pass from the categorical to the hypo- 
thetical form. But the fact that the generic judgment 
mediates this transition, while the denotative conditional 
form mediates a transition in the opposite direction, shows 
that no strict line of demarcation can be drawn between 
them as modes of thought. With their fonn as propo- 
sitions, the case is, of course, different; hei*e language 
makes fixed and definite a distinction which is far from 
being so fixed in thought. Sometimes, it is an accident 
whether a judgment is expressed in the hypothetical or the 
categorical form ; for instance * Eight-angled triangles 
have the square on the hypotenuse equal to the sum 
of the squares on the sides * really gives the ground for 
attributing the predicate to the subject, and would 
appropriately take the hypothetical form *If a triangle 
is right-angled, the square on the hypotenuse is equal 
to the sum of the squares on the sides.’ But, in all 
cases, it should be considered whether the categorical or 
the hypothetical form is the more appropriate, and this 
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depends upon tlie degree of absti'action involved in the 
judgment. 

(iii) Quality and Quantity. 

(a) Quality. — Hypothetical Propositions admit of dis- 
tinctions of quality. Of course, a negative antecedent does , 
not make a hypothetical proposition negative ; for the con- 
sequent is still asserted to follow as a result of the ante- 
cedent. Thus If S is not M it is P is affirmative — ‘ If a 
swan is not white, it is black.’ It is when the connexion 
of the apodosis with the protasis is denied that the propo- 
sition is negative. The most general symbolic form is If 
A then not C, and the most expressive If S is M it is not P, 
for example, * If a man is honest he will not deceive his 
fellows.’ 

(b) Quantity. — The essence of true hypothetical judg- 
ments is their abstract, and necessarily universal cha- 
racter. But cases may arise in which though a connexion 
is established between P and M, yet M may not l>e the full 
ground of P, or, though it is the complete groimd, may not 
he universally operative, or may be liable to be counteracted 
by other conditions. In such cases the appropriate propo- 
sition takes the general form If S is M it may he P, and 
negatively If S is M it need not he P. The corresponding 
denotative forms — which in these cases can always be 
found — are Sometimes when an S is Af, it is [or is not] P. 
As examples we may take * Sometimes when men are much 
worried, they commit suicide ’ ; ‘ If a man is punished for 
a crime, perhaps he will not transgress again ’ ; ‘ Sometimes 
when a target is aimed at, it is not hit ’ ; ' Although a man 
tries his hardest, he may not succeed.’ The last three 
examples are particular negative, the first particular affir- 
mative. The * Sometimes ’ in the denotative examples, it 
must be remembered, is as purely indefinite as is * Some ’ 
in a particular categorical ; it must not, therefore, be 
regarded as excluding the possibility in fact of ‘ always.* 

Tlie great characteristic of all particular Depositions is 
their imperfect and incomplete character. They, on their 
very face, thei'efoi'e, challenge completion. They are but 
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stepping-stones on the way to that more exact and complete 
knowl€|dge which finds expression in the true and universal 
hypothetical. 

5. DifljunctiTe Fropositionn. 

(i) Nature. — ▲ Disjunctive Proposition is one 
wMch makes an alternative predication. — The most 
general symbolic form is Either Z or T, wliere Z and T 
i^epresent propositions. But as the most expressive form 
of the hypothetical is that which makes explicit the unity 
of the judgment-, so here the symbolic form S is either P 
or Q representing the prescription to the same subject of 
an alternative between a definite number of predicates, 
most truly expresses the nature of the judgment. In the 
simplest cases these alternative predicate's are known to he 
contained under a wider predicate M which can be asserted 
of 5. For example * He is either a doctor, a lawyer, a 
clergyman, or a teacher ’ may be expressed in the simple 
categorical proposition * He is a meml>er of a learned pro- 
fession.’ we may say ‘ Any swan is white or black,’ 
where the wider predicate is the possc^ssion of colour. 

Such subsumption is always theoretically possible and 
so we see that the function in a theory of knowledge of the 
disjunctive judgment is to express the arrangement and 
content of a system. In other words the subject is a 
genus, and the alternative predicates are the species which 
together compose that genus. In such a case it is evident 
that those predicates are mutually exclusive and collec- 
tively exhaustive of the denotation of the subject. The 
disjunctive judgment is the form appropriate to the state- 
ment of a complete and perfect classification of the deno- 
tation of its subject. 

Our knowledge of the systems of the real world is, how- 
ever, generally imperfect. It is but seldom that we can ih. 
concrete matters set out the whole body of species which 
necessarily complete the genus. We can say that * Gradua- 
tion at the University of London is in either arts or science 
or law or medicine or music * or any other faculties which 
we can Und recorded in the Calen<w. But we should be 



110 DEFINITION AND KINDS OF PEOPOSITION8. [CH. 8 

hard put to it to give an equally complete and satisfactory 
statement of many of the alternatives which yet find a 
place iu our knowledge. Moreover we often use the dis- 
junctive form loosely, especially in reference to concrete 
cases. We may read that all the candidates for a certain 
post must be graduates of Oxford, Cambridge, London, or 
some other British University. Evidently a graduate of 
two or more of these universities would not be thereby 
excluded. But the .system on which the proposition is 
based is really that the Universities in the Britisli Empire 
are Oxford, Cambridge, London, etc., and tliat graduation 
must have taken place at one of these. Then w'e see that 
the act of gra<l nation at one is not the act of graduation at 
another. It is these acts which are the real alternatives, 
and if Jones has performed two of them, he performed 
them independently and at different times. He is, so to 
say, a separable accidens of the acts. 

Such an example —and many others could he given — as 
e.g. * Brown is either drunk or mad * ; ‘ Smith is either a 
liar or a forger * ; * Eobinson is either a knave or a fool ^ — 
shows us that we cannot assume mutual exclusion among 
the alternative predicates from the mere empty form of the 
proposition. It is true that the logical ideal of the dis- 
junctive judgment is such exclusiveness and comprehen- 
siveness as set forth the articulation of a system. But we 
have to deal with propositions couched in the language 
of common life, and often they not only represent very 
imperfect knowledge, but express with considerable loose- 
ness the knowledge actually possessed. So to the question 
— much disputed among logicians — as to whether alter- 
native predicates are mutually exclusive we must reply that 
ideally they should be, but that actually in many cases they 
are not^ and so we cannot assume them to be so in any. 
In other words, taking the use of language as it is, alter- 
liative predicates do not formally exclude each other. 

(ii) Ration to S^othetical Fropositioiui, — As 

eveiy disjunctive proposition prescribes an alternative be- 
tween a definite number of different predicates, one or more 
of which is, therefore, affirmed of the subject, it follows 
that, if some of these alternatives are denied, the others 
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are affirmed; either categorically — ^if only one is left, 
or disjunctively — if more than one remains. Thus, if 
we start with the assertion S is either P or Q, and then 
deny that S is P, we must necessarily proceed to affirm 
that S is Q. Similarly, if the original assertion S is P 
or Q or R or J, and this is followed by tlie denial that S is 
either P or Q, the affirmation that S is either R or T is ti 
necessary result. As this affirmation of one, or more, of 
the alternatives is an inference from the denial of the rest 
of them, it follows that all disjunctive propositions in- 
volve a hypothetical judgment of the general form If S is 
not P it is Q, or. If S is not Q it is P, These propositions 
are exactly equivalent to each other, each being, in fact, 
derivable from the other. 

But the disjunctive judgment makes explicit a cate- 
gorical element which is wanting to the hypothetical. Were 
we confined to the latter, thought would be condemned to 
an endless regress. For though If S is M it is P^ gives us 
in M the ground of P, yet we must go on similarly to ask 
for the ground of M. This regress can only bo avoided by 
assuming that the judgment refers to a more or less self- 
contained system, it is such a system that the disjunctive 
judgment in its ideal form makes explicit in its enumera- 
tion of the sub-species under the subject genus. It is in 
the exhaustive character of this enumeration that the suffi- 
ciency of the hypothetical as a statement of a condition is 
found. Hence, we find in the disjunctive the mode of ex- 
pressing that systematic connexion which is the only form 
in which we can think reality. 

(iii) Quality and Quantity. 

(a) Quality. — It follows from the very nature of dis- 
junctive propositions that they can only be affirmative; 
for they must give a choice of predicates, one or other of 
which must be affirmed of the subject. Propositions of 
the form S is neither P nor Q give no such choice, nor do 
they increase the scope of the predicate as do propositions 
of the form S is either P or Q, They are essentially Com- 
pound Categorical Propositions. It is true we can have a 
disjunctive proposition involving negative terms — as S is 
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either P or non^Q — but the disjunction is as affirmative as 
if both terms were positive. 

(h) Quantity. — The ideal disjunctive judgment is 
always both abstract and universal, and expresses relation 
of content. But like the Generic Judgment it can be 
expressed in terms of denotation, and in this case we get 
distinctions of quantity. Thus we get propositions of the 
form Every S is either P or Q \ ‘ Every idle man is either 
incapable of work or morally blamewortl^,* and Some S's 
are either P or Q \ ‘ Some laws are either oppressive or are 
rendered necessaiy by an abnormal state of society,* It is 
evident, however, that such particular propositions are of 
practically no logical value. 



CHAPTER IX. 

IMPORT OF CATlfiGOBlCAL PROPOSITIONS. DIAGRAMS. 

1. Predication. — The whole treatment of logic must 
depend upon the view held as to the nature of the j)redica- 
tion made in a cat5e^rical proposition, and the consequent 
import of that proposition. The first point to be settled 
in considering this is whether such a proposition expresses 
a relation between words only, or between hhjas, or be- 
tween things. The view a<lopled in this work is that a 
proposition interprets an objective fact, by stating a rela- 
tion which is apprehended in thought and expressed by 
language. It is not necessary to say more on this 
fundamental point. We may pass On to consider the 
nature of the relation expressed in predication, and, as a 
consequence of this, the aspect in which the terms should 
be regarded. Of this there are two chief interpretations 
accor^ng to whether the emphasis is placed on the con- 
notation or on the denotation of the predicate. 

2. Tlia Predicative View. — The predicative view re- 
gards the relation expressed between the terms of a formal 
categorical proposition as that between subject and at- 
tribute. It makes the element of denotation in the subject, 
and that of coimotation in the predicate, the more pro- 
minent. 

llie subject is thought as the name of certain objects, 
and though it is true they are indicated indirectly — that 
is, as members of a class to which they belong solely 
because they possess certain attributes — yet the attention 
is fixed on them as things, not on the attributes which 
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their names connote. It is of the things which possess the 
attributes that the assertion is made ; the attributes them- 
selves are not directly and explicitly l)efore the mind, but 
are symbolised by the name. 

But in the case of the predicate we are tliinking of the 
attributes which we affirm of the objects denoted by the 
subject; for our whole purpose is to predicate such a 
qualification. We think, not of two sets of objects which 
we compare, but of one set of which we assert an attri- 
bute. l^is is most obvious when the predicate is a directly 
attributive word, as when we say ‘ All metals are fusible,’ 

‘ The dog is barking ’ ; but it is equally true when the 
predicate is a substantive. For instance, in the proposition 
* All the candidates for the appointment are graduates,’ if 
we examine the meaning we shall find it to be that the 
candidates in question possess certain qualifications wliich 
are conveniently summed up in the word ‘ graduates ’ ; we 
do not think of graduates as individuals, but predicate the 
connotation of the name. And the same liolds in eveiy 
case ; the predicate asserts a qualification of the subject, 
and this qualification consists of the attributes implied by 
the predicate. . 

This is the natural interpretation of a categorical pro- 
position whose subject is expressed with a sign of quantity, 
though it must be borne in mind that its foundation is to 
be found in the Q-eneric Judgment whose essence is that it 
deals with content of both subject and predicate. It is 
also fully consistent with the four-fold scheme of pinposi- 
tions ; for, if the predicate names an attribute and the 
subject indicates certain objects, we must either affirm or 
deny the former of the latter, and in each case the asser- 
tion must be made either of a definite or of an indefinite 
nurfber of individuals. 

3. The Claa8-iiicliisio]i View. — On the class view the 
relation between the subject and predicate is that of 
inclusion in a class. Both terms are said to be read in 
denotation, and the proposition is held to assert that the 
objects denoted by the subject are to 1^ found among 
those denoted by the predicate. Whether the subject is 
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used collectively or distributively is of no imjportance ; iu 
each case it forms part of the predicate. The predicate, 
however, is necessarily regarded as a whole or class — that 
is, it is used collectively. * All owls are birds ’ means that 
each owl — and, therefore, the whole class of owls regarded 
collectively — is to be foimd within the whole class of birds. 
This collective interpretation of the predicate is the only 
permissible one ; for to take it distributively would give 
no real meaning at all;— each owl is ceiiainly not atiy 
bird. The only possible meaning is that the total class 
composed of birds contains every individual which can be 
called an owl ; or, what is exactly the same thing, that it 
contains the whole class of owls. Similarly, a negative 
proposition means that every individual denoted by the 
8ub3ect is excluded from the whole class of things denoted 
by the predicate, and that the two classes are, therefore, 
entirely separate. 

With respect to this view it may l)e pointed out, first, 
that though it is, of course, possible to attend to the 
denotation of the predicate, yet in foriuing a judgment it 
is more natural and common not to do so. No doubt, as 
every general teim can be considered both in denotation 
and connotation, it is possible so to interpret propositions, 
and such a mode of interpretation lends itself readily to 
the exposition of formal reasoning and to its illustration 
by diagrams. 

It is, indeed, the only one practicable for. the more 
complex developments of formal reasonings with more 
tlmn three terms. It expresses a truth implicit in every 
judgment, though it does not represent the primary pur- 
pose with which judgments are made. Indeed to adopt 
this interpretation as the fundamental import of judgment 
would be to fall into the error of basing knowledge upon 
a supposititious possibility of a complete enumeration of 
instances, instead of upon an investigation directed to 
establish connexion of content. Moreover, this view of 
pre^cation obscures the essential unity of the judgment 
and regards it as stating a relation between two indepen- 
dent objeets rather than as expresnng an interpretation of 
one element or aspect of reality. 
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Further, it must be pointed out that if both subject and 
predicate are regarded as classes — and, as was said above, 
on this view, the subject may, and the predicate must, be 
always so regarded — then the four-fold scheme of pro- 
positions is not an exhaustive stateujent of the relations 
which may exist between them. We require a five-fold 
scheme; for if we have two classes, S and P, it is 
evident — 

(а) They may exactly coincide and so be identical 

wholes. 

(б) S may be included in but not form the whole 

of P. 

{c) S may include P and not be wholly exhausted. 

(d) S and P may pai-tially include and partially ex- 
clude each other. 

(c) S uud P may wholly exclude each other. 

To express these in ordinary language we must give 
some ’ tiie meaning ‘ some but not all.' We then have — 

(<( ) All S is all P. 

{h) All 5 is some P. 

(c) Some S is all P. 

(d) Some S is some P. 

(c) No S is any P. 

But it should be remembered that we have here a state- 
ment of the actual relations which must hold, in fact, 
between two chisses, not of our knowledge of those rela- 
tions. To express that knowledge it may frequently be 
necessary to give two or more of these propositions as 
alternatives. This will be seen more cleai'ly when we 
considA* the representation of the four-fold scheme of 
propositions by diagrams which primarily indicate these 
relations of classes. 

4. Hatnre and Use of JHagrams. — Dia^ms are in- 
tended to make obvious at a glance tlie relations between 
the terms expressed in a proposition. That ai^ scheme 
may do this satisfactorily, it is essential that — 
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(1) The dia^ams employed should be self-interpreting 

immediately the principle on which they are 

constructed is understood. 

(2) Each diagram should l)e capable of one, and only 

one, interpretation ; and, conversely, 

(3) Each proposition should he representable by one, 

and only one, diagram. 

The value of every scheme of diagrams must, therefore, 
l)e estimated by the porb'ction with which it fiillils these 
requirements. 

diagrams in logic often help a beginner to grasp the 
exact scope of a proposition, and to see more readily the 
immediate inferences which can l3e di*awn from it. 

5, XSuler’s Circles. — Tlie Ijest known and most com- 
monly used scheme of diagmms is that of Euler, a 
distinguislied Swiss mathematician and logician of the 
eighteenth century. It is based on the actual relations 
l)etween two classes, each of which is represented by a 
circle. This necessitates the following five diagrams to 
express nil the possible relations — 
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Tliis scheme admirably satisfies the first criterion of 
exceUsnee given in the last section — ^there can be no doubt 
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as to the information j^iven by each of the above diagrams. 
But, as it is founded, not on the predicative view of 
propositions, Imt on an analysis of the possible relations 
which inaj^ subsist between classes, it is not surprising 
that the diagrams do not satisfactorily represent the four- 
fold scheme of propositions. Tlie^ correspond, in fact, to 
the five elementary forms of proposition which are necessary 
to express all possible actual class relations. Thus — 

1. roi)res(‘iit s that S and P are coincident — All S la 
aU P. 

II. t hat S is inchulcd in, hut does not fonn the whole 
of P — AU S is some {only) P. 

III. that S includes P, hut is not wholly exhausted — 

Some (only) S is all P. 

IV. that S and P partially include and partially ex- 

clude each other — Some (only) S is some 
(only) P. 

V. tliat S and P are mutually exclusive- Vo S is 
any P, 

If, liowever, we try to fit in this scheme of diagmins 
with the ordinary four-fold analysis of simple proposi- 
tional forms, w’e find that only in the case of £ have we 
an adequate expression in any one diagram. Bearing in 
mind the absolute logical iudefiniteness of ‘ Some,’ it is 
plain that every othei* form of proposition ain Ik? fully 
represented only by a combination of diagrams. Tlius, 
for A we require 1 and IF ; for 1 we need I, II, III, IV ; 
and for O we must have III, IV, V. If, on tlie other 
liaud, we are given either of the Figures I, II, III, or IV, 
we cannot say wdth certainty what proposition it is meant 
to represent. The scheme, then, cannot represent simply 
the ordinary forms of proposition ; and when propositions 
are united into syllogisms, it becomes so compex as to be 
practically unworkable. Tims, when applied to represent 
Af £i X, O propositions, the sclieine does not satisfy either 
of the two last criteria of excellence given in the last 
section. To attempt to escape this complexity by repre- 
senting A by II alone and l)oth Z and O by I V alone — as 
is often done — is misleading, insufficient, and itfaccurate. 
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But even were it not open to these objcwtious, we should 
still have an ambi^uoiis diagi*am ; for Iv would represent 
mdiffei*entlj I and O. To attempt to avoid tliis difficulty, 
as Euler apparently did, by writing the S in the part of 
the S-circle which is excluded from the /^-circle (as is done 
above) when the proposition intended is O, and in the part, 
of the diagram common to both circles when it is 1 , is not 
satisfact.ory ; for this assumes that we already know what 
proposition is intended. The diagram itself still remains 
ambiguous ; and, if it is given in the empty and unlettered 
form, wo do not know what predication is intended. 

Nevertheless, this very want of coincidence between the 
diagrams and the scheme of propositions will poi*form a 
useful seiwice if it makes more emphatic the impei-fectioiis 
of the latter as a mode of interpreting reality. The dia- 
grams express facts of existence. If, then, wo need more 
than one diagiuin to represent any judgment we may 
make about actual things, that very iicmkI is a warning to 
us that our kuowdedge of the matter is wanting in pm- 
cision and at the same time an indication as t.o wiiere the 
vagueness lies. 



CHAPTER X. 

FAT.LACIE8 INCIDENT TO JUDGMENT. 

1. Judgment involving Self-contradiction. — The 

falhunes inci<lent to judgment are not e«Hentially different 
from those inci<lent to conception, as, indeed, might be 
anticipated from the fundamental identity of mental pro- 
cess underlying the two forms of thought. In a clearly 
apprehended judgment tht‘re can, of course, be no incom- 
palibility Udween predicate, and subjtHd. But when the 
i’oreo of the judgment is not clearly apprehended such 
incompatibility is by no means impossible. The oai^eless 
use of language, which is so common nowadays, makes 
this particularly easy. Especially dangerous is the habit 
of making universal assertions when there is only justi- 
fication in fact for particular oiu's. "VVe thus have 
sncli self-destructive assertions as that ‘ Every rule has 
ail exception.’ This statement, l>eing itself a rule, con- 
tradicts itself. Thus we may put it syl logistical ly: ‘ Every 
rule has exceptions, This statement is a rule, Therefore, 
this stiiknrieiit has exceptions, that is, Some i*ules liave no 
exceptions’; when the contradiction implicit in the major 
pn'inise is made explicit. Similar considerations solve the 
old logical puzzle involved in ‘ Epimenides the Cretan says 
that all Cretans are always liars; therefore Epimenides 
can only speak the truth if he lies, and lies if he speaks 
the truth.’ Here also the major is self-contradictory, for 
every judgment claims to l»e true, and this proposition at 
the same time asserts its own falsity. Quite similar is 
the scientific conundrum as to what would happen if an 
irresistible force were to impinge on an immovable body, 
where two iucoinpatible conditions ai'e assumed to 
simultaneously operative. * 
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2. Miflinterpretatioii of Categorical Propositioiui. — 

Even when the meaning of each iinlividual word in a 
sentence is clearly appreliended, thei*e is still a possibility 
of misunderstanding the statement as" a whole, owing to 
some ambiguity of construction or of interpretation. This, 
of course, results from the dependence of terms upon the 
context for their full meaning. The two chief cases were 
noticed by Aristotle. 

(i) Ampjiibolia. — Tlie FalJacin Amj^hiholiae originates 
in ambiguity d\ie to the construclion of a sentence Tt is 
in essence a misinterpretation of a pro}>osition. It d(H*s 
not, therefore, differ fundamentally from fallacies of am- 
biguous terms, for an ambiguous term employed in a 
proposition necessarily U*ads to that. proj>()Hition also being 
ambiguous. However, in amphiboly tli»‘ ambignity lies in 
the g(»neral structure of the proposition nit her than in 
the terms it contains. Latin with its construction of 
accusative with infinitive in indirect narration lent itself 
very refidily to this form of ambiguity. Thus, the oracle 
given to IVrrhus : ** Aio te, Aeaeida, llomanos vincere 
posse” — “Pyrrhus the Romans shall, I say, subdue” — 
left it oiitireiy in doubt on which side victory was to lie. 
This is very similar, as ShakeB|)eare makes the Duke of 
York point out, to the witch’s prophe<\Y in Henry V f , — 
“ The Duke yet lives that Henry shall dej)ose.”' Open in 
the same way to double interpretation is the line in 
W, R. Spencer’s poem Oelerf : “The noble hound the' 
wolf hath slain.” The walls of Windsor Castle still liear 
the ambiguous sentence “Hoc fecit Wykehami,” whose 
capability of a double reading is said to have averted the 
King’s displeasure from the bishop, who, like a true 
courtier, explained it as meaning that the tower ma^le him. 

One has not far to s^^k to find numerous instances of 
amphiboly in modern English, generally due to want of 
precision in the order in which the. wor^s are arranged, a 
point of great importance in an analytic language. A few 
examples may be given : ‘ The first photograph is that of a 
fourteen pound pike taken in a back yard from the top of 

* > Second Part^ Act i. , so. 4. 
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a Htep-lafldor ’ ; ‘A lady (through circumstances) wishes to 
let part of lier well-funiislKjd house ’ ; ‘The Tenitorial band 
playe<l tlie hymns as wc'll as the church organ* ; ‘A gentle- 
man shortly returning to Australia wishes to meet a lady 
and marry her l)efore d<»ing so' ; ‘The birds were somewhat 
wil<l, hut all thoroughly enjoyed the sport * ; ‘ Long leave 
will he gninted to Parents or (Tiiardians of all boys who 
apply for it ’ ; ‘ It would swni possible that almost any 
woman, no matter wliat the extent or depth of her wrinkles, 
might, hiive \mn\ removed entirely and for ever by means of 
this lucky discovery/' 

A 8ul)ile form (»f amphila>ly, and one not uncommon in 
controversial writings is instanced by l)e Morgsui: “Equi- 
vocation may Ih' ufKxl in the fi>rin of a proposition ; as for 
instaiKJ<', in throwing what ought to l)e an aflirmative into 
the form of a (jiialified negative, with the? view of making 
the negative form produce an impression. Thus a con- 
troversial writer will assert that his opponent has not 
attempted to touch a certain point, except by the absurd 
as8(M‘tion, etc., etc., etc. To which the other party might 
justly reply ; ‘ Your own words show that I liave made the 
attempt, ttiough your phras«i has a teiideu<*y, perhaps in- 
tended, to make vour reader think that there is none, or 
at least to blind lum to the difference between none and 
none ihaf you approve of*'^^ 

(ii) Aocantnf. -'riie ?\dla*'in Accent ns or Prosodiae 
was, witli Aristotle, due t<» the fot^t that in Grtn^k the 
same wonl, diflfeivutly accentuated, had a different meaning, 
In the etvrlier times Gtx'ek writing was devoid of accents 
and breathings, and hence words when written were some- 
times ambiguous which when spi^ken were not so. Aris- 
totle conseqxiently remarks that this ambiguity can scarcely 
occur in sjieech. But with us the fallacy may l>e com- 
mittee^ by means of false stress eitlier in speech or in 
writing. Thus, as Dt" Morgan points out, the command 
ment. ‘Thou shalt not he&r false witness against thy 

* The a\>ove are actual examploa from the periodical literature of 
the day and are borrowed from Mr. Punch, a-ho oolleoU a few such 
gems every week 

^ 1)e Morgan, p. 247. * 
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neiglil)Our/ may 1)©. read ‘'eithel* ho as to convey the 
opposite of a prohibition, or to suggest that subornation 
is not forbidden, or that anything false oxt^t'pt evidencci is 
permitted, or that it may he given /or him, or that it is 
only iigainst nei(fhhonrn that false witness may not l>o 
)K)me.”‘ Other ways in which tliis fallacy may l )0 fallen 
into ai'e thus snmnuMl up by the same writer: state- 

ment of wliiit was said with the suppression of sueli tone 
as was meant to acccnnpany it, is the fullacia accen1u». 
Gesture an<l manner often make the <lifferen(»e Indween 
irony and sarcasm, and <»rdiuary assertion. A i)orson who 
miotes another, omitting anything wliicli serves to show 
tlie animun of the meaning; or (»iie wlio without notice* 
puts any word the author be cites in italics, ho as to 
alter its emphasis; or one who attempts to heighten his 
own assertions, so as t<i make them imply more than he 
would oj)enly say, by italics, or iiot4»s of ex(daimiiion, or 
otherwise, is guilty of the faUctrla acceniua. . . . f may 
here <»bserve that irony ... is gmiendly accompanied by 
the faUiicia acceniun^ ; |>erhapB cannot 1 h‘ assumed without 
it. A writer diwdainis attempting a certain task as above 
his powers, or doubts about deciding a ]»ropoHition as 
l)eyoiid his knowledge. A self-sufficient opponent, is very 
efbH’tive in assuring liini that his diffi«lence is highly ( * 011 - 
mendable, and fully justified by the circumstances 

8. Idsinterpretatioii of Sypothetical PropoBitiono. 

— Tlie (‘harax’teristic fallacy of misinterpretation of a hypo- 
thetical proposition is to assume that, the prof j,sis states ' 
the cause of the apodosis, and not simjdy tbe rciason for 
affirming it. As has aln»ady pointed out, the latter 
may be a mere sign of the former or may actually Is? its 
effect.® Thus to misreail a hyjioihetical jirc^position is, 
therefore, to conceive a relation as liolding in reality which 
does not hold. Of course, the prot^wis may actually 
enunciate the cause, and in many cases does so; that, 
indeed, is the character of the ideal judgment of science. 
But it is also inie that in many cases it is not ho, and the 
identity of fonn in the two cases opens the way to error. 

* p. 2i9. ^ Ihid., pp. 249-50. p. I«. 
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4. Misinterpretation of Disjunctive Pr^oeitions. — 

Fallrtcy may arise in rlealinfi^ with a disjunctive judgment 
fniiM assuming that it ftdHls the conditions of ideal perfec- 
tion, thal is, i hat thfi alternative predicates are an exhaustive 
enumeration of co-ordinate and mutually exclusive spcH^ies 
falling under the subject-genus. Many disjunctive propo- 
sitions arc far from fulfilling these conditions. Particularly 
must we avoid interpreting the alternatives as formally 
exclusive of each other. To argue that 1>tH‘auRe all indi- 
vidual j)rogress implies either moral or intellectual advance, 
therefore, if one advances morally one cannot advance in- 
tellectually, would l)e an evainple of falla<*y tniceable to 
this source. I'he clianuderistic fault of vicious dilemmas 
is, on the other hand, the undue assumption that the alter- 
natives given exhaust all possible cases. This is really at 
bottom a case of false opposition, and will be ftu*ther con- 
sideiad in a later cliapter.* 

* See p. 156. 



CHAPTKK XL 

QRNBRAl. B1SMAKK8 IMUBDIATB 1NKBBBNCB8. 

1. Katura of Immediate Inferences. 

Inference, or Reasoning, is the deriving of one 
truth from others. By this is meant that the new 
judgment is accepted as true l}ecauBe, and in so far as, the 
validity of the judgmenls from which it is derived is 
accepted. Hence, evc‘ry inference has a formal and neces- 
sary character, and this is not affected by the truth or 
falsity of the preiniHos. The preinisos may be false and yet* 
the inference may Ik’s formally valid, that is, valid in the 
sense of avoiding contradiction within itself. But in tho 
wider sense of validity, iu which the result of the iiiferen<K3 
must also be consistent with the whole system of kno*' - 
ledge, the truth of the premises is, of course, an essential 
element.* This aspect of inference will be dealt with when 
we consider the doctrine of Induction ; we are now pri- 
marily concerned with an analysis of the formal aspects of 
the process. 

L^erence is not a mental process absolutely distinct in 
its character from judgment. The essence of the latter is 
the explanation of some element of rcjality by reference of 
it to some concept already familiar to the mind. In infer- 
ence there is the same essential feature, hut with this 
difference, that the reference is not ma<le immediately, but 
indirectly through the medium of some previously accepted 
truth or truths. In inference, thei-efore, we pass beyond 
the judgment, or judgments, from which we start, and 
attain a new point of view ; though, at the same time, the 
new judgQieut thus reached must be a necessary conse- 

* Cf. p|>. 9-6. 
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quencti of tho data from whicli we eet out. Infenmce thue 
iuvolveH 1>oth a process and its result ; aud to each of these 
tlie name is sometimes given. But sti-ictly speaking an 
inferencse is the whole mental construction, and sets forth 
the (ionnexioii between the judgment proved and the 
evid<*nce which proves it. I'lie judgments which express 
the datji or evidence are called Premuea; the judgment 
derived from them is termed the Conclumon, 

Immediate Inference is the process by which the 
implications of a single judgment are ni^olded. By 
its immediate ness is not meant that no activity of thought 
is re<iuiivd to reach the new judgment, but simply that no 
datum is ntn'essary Upsides the one given judgment. Such 
inferences may styled Interpretative inference^^ as 
distinguished from mejliale inferences obtained from a 
combination of judgments in which thought makes a 
substantial advaiure to a new truth. 

It is often t|ncstioued whether immediate inferences a^e 
Veally infereia^es at. all, as no new truth is i*eached by them. 
This is mainly a matter of words. Whether we call the 
processes iiilerences or find some other name for them, it 
IS certain that they are not all obvious at first sight. In 
other words active thought is demanded before we can 
express explicitly all that is implicitly asserted in any 
single judgment, and until we can do so we ai*e not in a 
position to siH* \U exact relations to other judgments. 
This Ixnng so, there seems no strong objection to naming 
such explicative processes of thought ‘ Inferences/ 

An examination of the forms of reasoning should begin 
wdtli these Immediate Inferences ; for we should know 
what is involved in a single ludginent before we go on to 
enquire what results will follow from a union of several 
judgments. 

2. Kinds of Immodiato Infbroncos. — Tnere are two 
main classes of Immediate Inferences — 

(i) The Oppontion of PropoeUiam, when* from the given 
truth or falsity of one proposition we infer the truth 
or falsity of other proposiUons relating to the matter 
—that IS, having the same subject and preaicate. In 
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otiher words, aH examination of the opposition of pro- 
positions means a consideration of the relations fts to, truth 
or falsity which bold between the fonr forms of pro- 
positions, S a P, S fi P, S i Pt S o P, when S and P have 
the same signification in every proposition. 

(ii) Edurtions} in which, from a given judgment re- 
gaixled as true, we derive other jiidgnieiiiH which aixi 
implied by it ; or, in other words, when we look at the 
same truth from another point of view, and express tlie 
same matter in a different verbal form. 

We shall consider these two kinds of Immediate Infer- 
ences in the next two chapters. 

^ This name is adapted from Miss Jones’ EUmtntt of Logic, 



CHAPTER XIL 

OPPOSITION OF PB0P0BIT10N8. 

1. Opposition of Categorical Propositions. 

By the Opposition of Propositions is meant the 
relation which holds between any two propositions 
which have identically the same snbjeet and predi* 

cate. Opposed propositions thus differ in form, but refer 
to exactly the same matter ; that is, to the same thingSp at 
the same time, and under the same circumstances. The 
logical doctrine of Opposition, therefore, sets forth what 
implications as to the truth or falsehood of each of the 
other forms of categorical propositions are involved in 
positing (t.e, affirmiug as true), or sublativ/f (i.e. denying 
the truth of), any one proposition. 

This is, evidently, an entirely technical and arbitrary 
use of the word * opposition.’ The natural meaning of 
the word would be that two opposed propositions 6ould 
not both Ih) true together ; that is, that opposition could 
exist only between the pairs of incompatible propositions, 
▲ and O" E and X, ▲ and £. In this sense w6rd was 
oiigiiuilly used. It was, however, found convenient to 
include under the same head the relations l»etween pro- 
p^)sitjjL>ns which are not incompatible, that is, those between 
A and X, S and O, X and O. * Opposition ’ thus came to 
include the relation between any pair of propositions of 
di:fferent fonn ix3ferriug to the same matter, whether that 
relation were one of incompatibility or of compatibility. 
When once this technical use of fhe word ‘opposition’ is 
clearly undei-stood, it is unlikely to cause any confusion. 

As we have universal and particular, affirmative and 
negative, propositions, the relations between them will ail 

12a 
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be included hndar those itfbsistmg betwecto the foUowiit^ 
pairs — 

(1) A uuivei;8ai ahd thOiB^ioulax of the same qiial^ 

A andl; S andO- 

(2) A universal and the particular of opposite quality ; 

A and O ; S and I. 

(8) A universal and the universal of opposite quality ; 

A and E. 

(4) A particular and the particular of opposite quality ; 

I and.O. 

This gives us four kinds of opposition, to wliich the 
names (1) Subalteimationt (2) CotdradicUon, (3) Contra^ 
riety and (4) Sulf-co>drariety are respectively given. We 
will now examine these in order. 

(i) Snhaltornation . — Svhalterti Oitposition exi§t$ be- 
tween a universal and the particular of the same quality ; 
that is, between A and Z, £ and O. Thus, the pn>)>o- 
sitions differ in quantity but not in quality. This is one 
of the teclmical kinds of opposition ; for, not only are tlie 
two propositions in subaltern opposition not iuconsif^teut 
with ea^ other, but the truth of the universal luKJessij des 
that of tlie particular. This follows from the Principle of 
Identity ; for^ by that principle any assertion which is true 
of every member of a class must hold of any numlior of 
tliose individual memlKU's, since they must identical 
with some of those included under the distrifinU^d term. 
The assertion, when made of an indefinite j>art, simply 
i*epeatS an assertion which was contained in the universal 
proposition. 

In such a pair of opposites, the universal proposition is 
called the Suhaliemant or Suhalternans, and the particular 
the Suhalternate or Suhaliem, Inferenc^^ from the former 
to the latter is styled Conseqncnila or Conclusio ad suhal- 
terncUmu propoiitionem ; that from thci latter to the former, 
Ctyndusio ad suhaUemanlem. 

Hence, the inference of the truth of I from that of A, 
and of the truth of O from that of E, are ad suhaltematam. 
The assertion of * All metals are fusible * involves that of 

9 . 
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• Some metals are fusible ’ ; and if we posit * No horses 
are carnivorous * we equally posit ‘ Some horses are not 
carnivorous.* But, if 5 a P is denied, then this ^nial 
bolds equally if P belongs to some only of the or to 
none of them. Hence, from the falsity of A we cannot say 
whether I is true or false. For example, if I deny that 
‘All metals are malleable* I do not thereby deny that 
' Some metals are iiialh^able.* Neither do I affirm the latter 
proposition (though it happens to l)e true in fact) ; for, 
if I (lid, then the denial of ‘ All horses are carnivorous ’ 
would involve 1 he assertion of ‘ Some horses are carnivorous.* 
Similarly, from the denial of E we can neither affirm nor 
deny O. The sublating of the universal leaves us quite in 
the dark as to the truth or falsity of its sub -alternate. 

Tf w<^ now examine the inferences ad Bubaltemaniem (or 
from particular to universal), we find that the denial of 
the particular involves the denial of the imi versa). For 
what is not true even in some cases cannot be true in all. 
The denial of S i P means ‘ There are no such things as 
some which are P,* and this, evidently, negates the 
assertion that All are P. Again, if A were true, I must 
he true by inference ad 8vhalternaf.am ; and hence, if the 
falsity of I did not involve that of A, it would follow that 
I Goiilil be lH)tb true and false at the same time ; which is 
absurd. The same results hold with B and O. Thus, if 
wo deny the truth of ‘Some liorses are carnivorous* we 
thereby deny that of ‘ All horses are comiyorous ’ ; and if 
we assert the falsity of ‘Some men are not mortal* we 
equally assert, that of ‘ No men are mortal.* But, to posit 
the particular c^innot justify us in positing the universal ; 
for we can never justify an asBert.ion about Every S by 
asserting that it holds good with regard to Same 5*s. For 
insbua^, though it may be true that * Some men are red- 
liaired,’ it does not follow that all men possess that attri- 
bute ; nor does the truth of ‘ Some men are not six feet 
high ’ imply that no men attain that height. 

Hence, we reach this general result: The truth of the 
particular follows from that of the universal, but not vice 
vered ; and the falsity of the universal is an infeipnoe from 
that of the particular, but not vice ver$d. 
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(ii) Contradiotioa. — Propoitiiions are contradictory to 
each other when they differ both in quality and- in quantity. 
Hence, there are two pairs of contradictories — A and O ; 
S and Z. Bj the Principle of Contradiction botii the 
members of such a pair cannot be true together, and by 
the Principle of Excluded Middle both cannot l>e false. 
If ‘ All metals are fusible * is true, it cfinnot be true that 
‘ Some metals are not fusible ’ ; and, similarly, if * No lions 
are herbivorous ’ is a ti*uo proposition, then it cannot bo true 
that ' Some lions are herbivorous.’ And, generally, if wo 
make an assertion about eveir member of a class, the Prin- 
ciple of Contradiction forbids us to deny tliat assertion 
about any meml>er of the same class. Therefore, one of 
the conti^ictories in eiuih pair must l)e fal-ee. But, by 
the Principle of Excluded Middle, tliey cannot both lx‘ 
false. For, by that principle, any given attribute, P, must 
either belong, or not l>elong, to evei*y individual 5. It 
cannot, therefore, be false both to make an assertion of 
Every S and to deny that same assertion of Some of t.hose 
S’s. Such propositions as ‘ All metals are fusible ’ and 
*Some metals are not fusible* cannot l)oth l>e false to- 
gether. 

We see, then, that contradictories are incompatible w t h 
respect l)oth to truth and to falsity. It follows that 
when two contradictory propositioiiB are given us wo infer, 
by the Principle of Conti^ictiou, that one of them is 
ffldae, and, by the Principle of Excluded Middlq, that one 
of them is time. Hence, we can deduce the falsity of one 
from the truth of the other, and the truth of one from the 
falsity of the other. The relation of contradiction is thus 
seen to be reciprocal ; the {^siting of one proposition and 
the Bublating of its contradictory are assertions of one and 
the same fact. It will be seen, as we examine the other 
forms of Opposition, that in none of them are the proposi- 
tions tiius mutually inferrible, and in none of them is 
there incompatibility with regard to both truth and false- 
hood. 

Oontradiction is, therefore, the most perfect form of 
logical opposition. 

Whatever we ^ifinn denies something else. The mere 
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asHcrtin^ of ovcry S that it is P is, in itself, a denial of any 
S whatever that it is not P, To assert, therefore, that 
Htmfi S' 8 ara vot P, in opposition to Every S is P, is the 
iniTiiirniin of denial. It is sufficient to destroy the propo- 
sition which it contradicts, hut it does not affirm theialsity 
of 4iV<Ty part of it. Thus, two contradictory propositions 
leave no room for an intemuHliate supposition ; one or the 
other must accepted as true, as together they exhaust 
all possible alternatives. 

Every proposition has a contradictory ; if the pro- 
position is simple, so is the contradictory, but if the 
proposition is comj>ound it can l)e contradicted in more 
than one way, and its full contradictory is, therefore, 
coinywiind.* 

(^onti'adiciion is the only hind of opposition wdiich can 
subsist Indween Singular Propositions'**; for these can 
differ only in (quality, and, therefore, to posit the one 
is to sublate tln^ other, and viee versa. This opposition of 
sin^rnlar propositions is frequently called Secondary Con- 
tradiction. 

(iii) Contrariety. — Contrary Opposition ejtists hetxveen 
a pair of universal ^^vopositions of opposite quality ; that is, 
l)ctw(vn A and E. Thus, contrary propositions differ in 
quality only, and not in (juautity. By the Principle of 
Contradiction both cannot be true toj^etlu'r. For, if two 
contnirit's were both true, then contradictories would also 
l)e true together. For, by subalteniation, the truth of A 
would necessitate that of I, and the truth of £ would 
seinire that of O. Hence, A and O^vould l)e true together, 
and so would E an<l I. But this is iinymssible ; and, 
tberefon', A ami E cannot l>e true togotlier. But as a 
contniry proposition d^H's not simply deny the truth of 
the opposed universiil as a whole, but that of every part 
of it% and thus asserts its entire falsity, there is a i^ssi- 
bility of an intermediate alternative. Hence, the Prin- 
ciple of Excluded Middle does not apply, and the proposi- 
tions may both l)e false. For, while the negation of a 
universal allows inference by Contradiction to the truth of 


See pp. 97-98. 


* See p. 100. ^ 



§ 1 ] OPPOSITION OP CATICGORICAL PROPOSITIONS. 183 

the particular of opposed quality, this latter does not 
warrant ua in deducing the truth of the universal to which 
it is subaltern. Though by sublating A we posit O, this 
will not onable us to posit £. Hence, contrary proposi- 
tions are iucoinpatibh^ with i-egard to truth, but not with 
regard to falsity. If one is true, the other must be 
false, but the falsity of the one doi‘s not involve the 
truth of the other. It may 1 k‘ e<pially false that ‘ All 
men are re<l-haiml ’ and that * Ho men are red-haired * ; 
for the one prop»)sil.ioii tloes not simply negate the other, 
but makes the opposite arts<n*tion with an oqual degree of 
gcmerality. It follows that <‘ontrary propositions aro not 
mutually inferrible, and tJieir fonnal opposition is, there- 
fore, less perfect than is that of contradictories, altlu)ugh, 
of course, they exj^ress a greater degree of material diver- 
gence. 

From this lessc^r formal perfection, as well as from the 
much greater difHculty of establishing the contrary com- 
pared with that, of merely disproving a given universal 
proposition, it follows that contrariety is of much less 
formal importance than contnuliction. The bringing for- 
ivard of one single iustauco which does not agrcfj \Mth a 
general proposition is sufficient to disprove it, and the 
contradiction is secure, as it rests on ohservtHl But 

to establish, not merely that one 5, or a few 5’s, but that 
every S disjigrtjes with the general proposition avo wish to 
disprove is a ta.sk of much grcfiter difficulty, and the result 
is much less secure against l>eiug itself pn»ved false than is 
the contradictory. For we can scarcely ever Ihj sure that 
we have really examined every instance, and one exception 
is fatal to our general pro|)08ition ; wliile the simple con- 
tradictory, being a particular, can only l>e overthrown by 
establishing the opposed general pro]>o8ition. Thus we see 
that contradiction is sufficient for disprwf, and is, obriously, 
a more secure position to take up than is the assertion of 
the contrary. One would deny that ‘ All men are liars ’ 
with much greater strength of conviction than one would 
assert th^t * No men are liars.’ 

(iv) Sub-contrariety. — Tariicular propositions stand in 
9ub-contrary oppoMon to each other ; that is, X audO«are 
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Bub-contraries. This opposition depends on the Principle 
of Excluded Middle ; for there can l>e no judgment inter- 
mediate between * Some are ' and ' Some are not.* More- 
over, to deny the truth of one particular is to assert that 
of the universal of o[)po8ite quality (by Conti’adiction), 
and from this follows the truth of the particuhir which is 
aubalteru to it.. Hence, both tliese propositions cannot be 
fahe. But the Principle of Contradiction does not apply ; 
for the ‘some* in the one ciase is different in its reference 
from the ‘some’ in the other. Both propositions may, 
therefore, true. The truth, for example, of ‘ Some men 
are rod-haired * dix^s not involve the falsity of * Some men 
are not nnl- haired ’ ; for it is not the same * some men ’ 
who are refeirtMl k) in lK)th cases. But the form of the 
prop 08 il ii»ns does not show this, since the interprekition of 
‘ some ’ must l)e purely indefinite. Thus, there is no real 
contrariety between I and O, and the name ‘ Sub-contrary * 
is entirely arbitrary. This is another instance of the tech- 
nicuil use of the word ‘ opposition,’ as the two propositions 
are perfectly compatible with each other; both may be, 
and often arc, true, though both cannot be false. It 
follows, therefore, that to sublate the one is to posit the 
other, but not vice verm. Hence sub-contrary proposi- 
tions ore inconsistent with regard to falsity but not with 
regard to truth. 

2. The Square of OpiK>Bitio]i. — It has lon^ been 
traditional in Logic to give, as an aid to remembermg the 
doctrine of opposition, the accompanying diagram, called 
the Square of Opposition. 

If this diagram, with the proper positions of the letters 
which symMiso the four Innds of propositions, be once 
firmlu stamped on the mind, but little difi&culty will be 
found in retaining in the memory the whole theory of 
opposition. The universala are placed at the top, the 
particulars at the bottom, the afiinnatives on the left, and 
the negatives on the right. The diagonals, as the longest 
lines, mark Contradiction, which is the most perfect and 
thoroughgoiug foi*m of logical opposition. The top line 
indicates Contiuriety, and the bottom line, parallel to it, 
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Sub-contrariety. TIu* fact that both are horizontal natu- 
rally suggests that each connects propositions of the same 



quantity. The perpendicular lines appropriately represent 
Subaltemation. As the diagonals run rroiii the on»^ top 
corner to the opposite bottom corner they iiidicahi that 
contradictory propositions dilFer both in quality and quan- 
tity. Similarly, the top and bottom lines suggest a differ- 
ence in quality only, and the side lines a difference in 
quantity dlilf . 

The fdjlowing Table exhibits at a glance all the in- 
ferences which the doctrine of opposition enables us to 
draw. The kind of opposition through which they are 
reached is given by the letter, or letters, in bnickets under 
each result. C means by contradiction ; S, by subaltema- 
tion ; Cy, by Contrariety ; Scy, by sub-contrariety. Wheu 
any of these letters is printed in italics it means that the 
process it represents is indii'ect; that is, the result is 
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()btaiii<*<l, nut immediatcjy from llie given proposition, but 
iiiflinietly tlirougb its con t nidi dory. 
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3. Opposition of Hypothetical Propositions. — Op- 

|>ositioii applies tNjually well to those more definite judg- 
ments of connexion of content which are expressed in 
hypothetical form. The true hy|H)theti«iU : 1/ S i* M it 
P, and If S is M it is not P — or expressed in the more 
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general Imt lt>s drliiiito syiiiliolism If A then X, and If 
A then not X arr iinivorsaiH. and corn^s)K>nd to the A and 
£ (*at(\i^ori(*al tnniis rosjurtivoly; while tlie particulars: 
If S /H M it mmj he P, and If S M it nerd not be P--or 
in the witler syniholir form. If A then perhaps X, and If 
A then Hid neeeei>anl\j X I’orreispoiid to the Z and O 
catei^orii'iil forms. Having tiuis all the four luvessarj 
forms, the wliole doelrine of o[)posifion is applicable. 

iSimilarly with the demdative forms or eonditioiials as 
we have ventured t<» call them - which pve more concroto 
ex[»n‘ssion to the content of these abstract jnd^nient/8.‘ 
Here the four forms are-- 

If any S /« M (hat S is ahrayg P — correspiUiding to A. 

If any S is M that S is never P — ,, ,, ZS. 

If an S is M that S is sometimes P — ,, ,, I, 

If an S is M that S is sometimes not P „ „ 0 , 

As tlje la.>t t-w'<» forms do not imply more than that S 
iKjing P is a possible consequence of its Ixnng Af, but not 
that S iw.-lually is P in any one case in which it is U, they 
may Ix) often bett/(T expn‘SHed by — 

If an S is M that S may he P — corresponding U> Z. 

If an S is M that S need not he P-— ,, „ O. 

4. Opposition of JHsjnnctiTe Fropositipns. — The 

most general symbolic form of the disjunct ive proposition 
— Either X or T — is most suitable to those caees in wJiich 
the alternative judgineiit.s have not the same subject. A 
disjunctive in this form must l>e regarded as singular, and 
as, consequently, only eaj>able of contradictifui. The con- 
tradictory profMwitiou is Neither X nor T, and this is not 
itself a disjunctive judgment. 

But the more p(‘i*fectly stated disjunctive judgments, 
in which several pro»li<^te8 are alterrmtively afiinned of 
the same subject, admit of distinctions of quantity, and 
projrositions of opposite (|uality can Ire found which stand 
to them iji the relations of contradiction and contrariety. 

‘ See p. 107. 
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Thus, with the judgment of content, S te either P or Q, 
tho square of opposition can be completed bj the pro> 
jwsitions S is neither P nor Q (contrary) ; S may he either' 
P or Q (subaltern) ; S need not be either P or Q (contra- 
dict-ory). These distinctious — as in the case of categorical 
judgments— Stand out yet more clearly in the denotative 
forms of the propositiims. Here we have the universal 
atfirmative Every S is either P or Q\ the universal negative 
No S is either P or Q \ the particular affirmative Some S' s 
are either P or Q ; and the particular negative Some S's 
are neither P nor Q. But it will be noticed that none 
of the negative forms ai*e disjunctive propositions, S is 
neither P nor Q is ecjually well expressed in the copulative 
categorical form S is both non-P and non-Q and similar pro- 
]K>sitions express tlie negative denotative forms. Hence, 
the full doctrine of opposition cannot he said to be applic- 
able to disjunctive propositions. 



CHAFPKR Xin. 


El>DCTION«. 

1 . Chief Ednctione of Categorical Fropoaitione. 

Eductions are those forms of Immediate Inference 
by which, from a given proposition, accepted as true, 
we educe other propositions, differing from it in sub- 
ject, in predicate, or in both, whose truth is implied 

by it. Every Categorical Propoaition gives ua iiiforniation 
of a certain aubject, in terras of a certain prcnlicate. But 
each of these terras lias a couctnvable negative ; and every 
ciitegorical proi)08itiou, therefore, auggoata to our iiiiuda, 
directly or indirectly, four tenns — S, A non-S, non-P, The 
problem l^efore ua is t/O enquire what predications al.*out 
each, or any, of these possible tenns are implied wlmo S 
and P are connected in any given categorical judgment. In 
other words, whether, if we take eacli of these terras in turn 
as subject, the given proposition justifies us in predicating 
of it any of the other terms. Wo need not, of course, con- 
sider any forms of proposition in which the predicate is 
either the same term as the subject, or its negative —as S is 
S, S non-S, P P, etc-. — which are either more 

tautology, or are self- contradictory and, therefore, self- 
destructive. Our enquiry is limited to those proposi- 
tions in which one term is S or non-S* and the other P or 
non-P^ 

Now, when any one of these four terms is taken as 
subject, we have two possible predicates offered to us; 
thus, we can predicate either P or non-P of <S, and either 8 
or non-S of P, l^is leiids us to Uie kind of Eduction 
called Obversion, in which we retain the same subject but 
negative the pre^cate of the original proposition. Again, 
if § is the subject, and P the predicate, of the given propo- 

139 
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sition, we can form other propositions whose subjects are 
respectively,/^, non-P, and non-S, and each of these projK)- 
sitions can take two forms, one of which is derived from 
the other by obversion. Thus wo get the following possible 
modes of inference, most of which involve a change, not 
only in the verbal expression, but in the form of the judg- 
ment as thought — 

(1) Ohversioti — when the subject of the original pro- 

position is unchanged, but the predicate is 
negatived. 

(2) Conversion — when the subject of the inferred pro- 

j)osition is P, and its predicate S or non-S. 

(3) Contra^)o«ition—yrhm the subject of the inferro<l 

proposition is non-P and its predicate S or 
non S. 

(4) Inversion — when the subject of the inferred proj)o- 

sition is non-S, and its predicate P or non-P. 

None of these can be valid inferences from any given 
proposition, unless the inferred proposition is involved in, 
and expresses the same truth as, that proposition itself 
expresses. We must, therefore, by careful examination, see 
w^ch of them are justified by propositions of each of the 
four forms. A, S, X, O. 

Each of the inferences (2), (3) and (4) in the above list 
can take two forms, one with a positive, and the other with 
a negative nredicate. Each of these forms is obtainable 
from the other by the process of obversion. As, however, 
the simplest fonns are those which have the positive predi- 
cates, the simple names, Conversion t Contraposition, and 
Inversion, are applied to the processes by which they are 
arrived at Those propositions themselves are called the 
Converse, Contrapositive, and Inverse, of the original pro- 
position ; while the corresponding forms with negative 
predicates are termed the Obverted Converse, the Obvertei 
Oontraposiiive, and the Obverted Inverse, respectively, of 
that proposition. Thus, each of these names expresses the 
relation in which that derived proposition stands to the 
gi^pu one. 
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If we use 5 and P to denote non-8 and non-P respec- 
tively, we have the following empty schema of possible 
Eductions from categorical propositions — 



( 

1 

Original PropOBition • • - 

5— P 

1. 

1 

2 

Obvenieof(l) 

5— P 



3 

Converse of (1) 


ii. 

of * 

4 

Ohverted Converse of (1) - - 

P S 

iii. 

Contrapositivea of (1 ) | 

5 

6 

Contrap^isitive of (1) • • > 

Obvertod ContrapoHiti vo of ( 1 ) 

P-S 

P- S 


f 

7 

Inverse of (1) 

1 

r 

S~p 


8 

Obverted Inverse of (1) - - j 

6'--^ 


We have to e^iquire to what extent this empty schema 
can be filled out by either of the f<)ur kinds of ^categorical 
predication — A, E, Z, O, — when the original proposition 
itself is of either of those forms. 

Many of the inferred forms are unusual and imnatural 
modes of expressing the truth which is stated most simply 
in the original proposition. Those of them, too, which 
contain negative terms are open, as primary modes of 
statement, to the objections already made to propositions 
containing those terms.* But, when they are regarded 
simply as secondary modes of expressing the content of 
the original judgment, they are useful; as they make 
prominent a fresh side of the truth there enunciated. 

• > See p. 34. 
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And the whole of them toj:tf*tlier, by placing that aHsertion 
in every possible light, make its implications much clearer 
and more definite than does a mere consideration of the 
proposition by itself. 

As Obversion and Conversion are the primary modes by 
which these eductions are made — for all the other infer- 
ences are obtainable by combinations of these — a detailed 
consideration of them should precede that of the other 
forms. 

(i) Obversion im a change in the quality of a 
predication made of any given subject, while the 
import of the judgment remains unchanged. The 

original proposition is called the Obvertcfnd, and that which 
is inferred from it is termed the Obverse. 

Wlienevcr we assort anything we, by implication, deny 
the opposite. Tliat is, the affirmation of any predicate of 
a certain subject implies the denial of its negative; and 
the denial of any predicate implies the affirmation of its 
negative. Tlie former of these follows from the Principle 
of Contradiction — for, if any S is P it cannot be non-P\ 
and the latter from that of Excluded Middle— for, if any 
S is not P it must be non^^P* All obversions of affirmative 
propositions, therefore, depend on the former of these two 
principles ; and all obversions of negative propositions 
on the latter. But, to deny a negative is to affirm, for 
two negatives destroy each other ; and to affirm a negative 
is to deny; and, thus, obversion involves no change of 
meaning. Tffie matter, therefore, which is express^ by 
an affirmative proposition can always be re-expressed by a 
negative, and vice versa. This is, however, a mere change 
in the mode of expression; it involves no process of 
thought, and consequently is not a real inference. It is, 
however, useful as a first step in contraposition. 

From this it follows that the subject of the obverse is 
the same as the subject of the obvei^nd in every respect, 
as, otherwise, we should not have a true denial of the 
opposite of that obvertend. The quantity of the two 
propositions is, therefore, the same. The predicate of the 
obverse is the negative of that of the obvertend, and this, 
to avoid alteration \n inoaning, necessitates a change in 
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the quality of the proposition. This gives ns the one 
simple rule for obverting any proposition — 

Negaiive the predicate and change the quality^ hut leave 
the quantity unaltered. 

Applying this rule to the four forms of categorical 
propositions, we find that 

A ohverts to H, E fo A, I to O, and O I ; 
or, expressed symbolically, 


Original Proposilion • • 

SaP 

SeP 

SiP j SoP 

Obverac 

8eP 

SaP 

1 8oP j SiP 


It must be remembered that obversion is a reciprocal 
process, and, thus, that S a P is as much the obverse of 
S e P as the latter is the obverse of the former. 

As material examples we may give the following pairs 
of propositions, each member of every pair l)eing the 
obverse of the other member — 

( A. All men are mortal. 

\ E. No men are not-mortal. 

i E. No thoughtful men are superstitious. 

A. All thoughtful men are non-superstitious, 

( Z, Some men are happy. , 

( O. Some men are not not-happy. 

( O. Some men are not rich. 

\ Z. Some men are not-rich. 

We may often write the obverse in a fonn more ih 
accordance with the usages of ordinary speech by using 
a material contradictory, or a privative term, instead of 
the formal negative, for the new predicate. But, unless 
th^s iQ$rm is exactly equivalent in meaning to the formal 
native, we do not make a true obversion by its use. For 
instance^ in obverting A as given above, we could say * No 
men are immortal,’ for ‘immortar and *not-mortal’ exactly 
1poiTes|>on4f. But we could not give * Qome nyen not 
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unhappy * as the obverse of ‘ Some men are happy ’ ; for 
‘ happy * and * unhappy ’ do not exhaust all possibilities, 
and, tlius, the principle of contradiction does not apply to 
them. It is true that this proposition is justified by the 
given one, for ‘not-happy ’ includes unhappy, as well as all 
otlier shades of departure from ‘ happy.’ But it is not the 
obverse ; for we cannot get back from it, by obversion, to 
our original proposition. The same holds in the case of all 
affinnative propositions ; the obverse justifies the denial of 
all terms wliich can be br(»ught under the formal negative. 
But even this is not justifiable in the case of the obversion 
of negative propositions. Prom ‘ Some men are not happy ’ 
we cannot conclude that ‘ Some men are unhappy,* for this 
latter proposition asserts, not merely the absence of happi- 
ness, but the presence of a certain amount of positive 
misery. Still less can we infer from ‘ Some men are not 
ricli ’ that ‘ Some men are poor * ; for ‘ rich ’ and ‘ poor ’ 
are contraries, and there are many intermediate stages 
between them, Obversion is, in short, a formal process; 
and, therefore, if we do not use a formal negative term for 
our new predicate, we must make sure that the term we do 
use is the exact equivalent of that formal negative. 

(ii) Conversion is the ednction of one proposition 
from another by transposing the terms. The original 
proposition is called the Convertendy and that which is 
derived from it is named the Converse. 

We have, evidently, here a complete alteration of stand-* 
point, as we have changed the subject or nucleus of our 
proposition. The predication is now made of P in terms 
of 5, whereas the original proposition contained an asser- 
tion about S in terms of P, Moreover, the truth of the 
converse follows directly from that of the convertend. 
Hehce, the process is a real interpretative inference. Every 
proposition before being converted— or, indeed, used in any 
kind of formal inference — must be reduced to the strict 
logical fotm, S is P or S is not P, and the whole predicate 
must change places with tlie whole subject. For mstanoe, 
the converse of ‘Every old man has been a boy’ is not 
‘ Every boy has l>een an old man,* but ‘ Some who have 
been boys are old men ’ j for the original proposition, ib ite 
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lonoal fonn, is ‘ Eveiy old xnau is a person who has been 
a boy.’ As the converse simply makes the same assertion 
as the convertend, looked at, as it were, from* the other 
side, it is clear that the qtudiiy of both pi^ositions will 
be the same. ^ 

Every act of conversion involves reading the original 
predicate in its denotation, in order that it may be made a 
subject-term. That we really do make this change from a 
connotative to a denotative view is shown by the facit that, 
if the predicate of the convertend is an adjehtive — as in 
‘No crows are white’ — a substantive must be supplied 
before we can use tliat term as the subject of the converse 
-—as ‘ No whit>e things are crows.’ This involves a con- 
sideration of the distribution of the predicate in order that 
the converse may not assert more than is justitied by the 
convertend ; and may necessitate a change of quantity. In 
other words, a mere transposition of terms is not always 
permissible ; we cannot go from * All cats are animals ’ to 
‘ All animals are cats.’ The only conversion we are con- 
cerned with is Illative Ganversion ; •that is, conversion 
which is a valid inference, and in which either both con- 
vertend and converse are true, or both are false. So ’b 
conversion must obey these two rules : 

1. The quality 0 / the ;propoaition must remain unchanged. 

2. No term may he distributed in the converse which is 
not distributed in the convertend. 

We must now apply these rules to the conv*ersion of 
each kind of categorical proposition. 

(a) Conversion of A. In the proposition S a P, while S 
is distributed, P is not. We cannot, therefore, convert to 
P a S — for that would break Rule 2 — but we must retain 
P in its undistributed condition, and write the converse 
P i S, Hence A converts to I, and the conversion involves 
a change of quantity from universal to particular. Such 
conversion was called by Aristotle Kara fi€pos or partitive 
conversion. This name ms, however, given pl^ to the less 
descriptive one of conversio per accidens or eonv&raion hy 
limitation.^ 

Though the necessity for this mode of converting A 

I. L. 10 * 
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propositions ia obvious enough when the rules for con- 
version are kept in mind, yet the improper conversion 
of A pro^sitioiis is one of the most frequent causes of 
fallacy. Be(A^e it is a fairly well eshiblished fact that 
lazy persons d!r^ often out of work, people jump to the con- 
clusion that if a man is often out of work he is necessarily 
lazy. Since the wages of unskilled labour in England are 
low, it is frequently assumed that all badly paid persons 
are unskiKul. Because all pious j)eople go regularly to 
church, regTilar church-going is commonly regarded as a 
sure sign of piety. Such mistakes are continually made, 
yet they are on a par with arguing that every animal is a 
monkey be<!tdiBe every monkey is an animal. No doubt, 
in some cases — as tautologous propositions and definitions, 
or when both subject and predicate are singular names — 
the simple converse, that is, converse without change of 
quantity, of A would give a true proposition. ‘ Every 
equiangular triangle is equilateral ’ is as true a proposition 
as is * Every c(pulateral triangle is equiangular.^ But its 
truth has to be estabhshod by a separate and independent 
demonstration ; it cannot be inferred from the latter pro- 
position by conversion. For conversion is a formal process 
of inference and, therefore, must be applicable to every 
proposition of the same kind ; there cannot be two modes 
of formally converting A propositions. When the simple 
converse would fee true in fact, it is because of special cir- 
cumstances which do not appear in the statement of the 
convertend. Hence, as P t 5 is the only converse which 
is materially true in all cases, and is formally true in any, 
that is the logical converse of S a P, For, while S a P 
asserts positively that tlie attribute which P denotes is 
^opnd in every S, it is not stated whether, or not, it is 
^ound in other cases. 

This is further obvious from the fact that we require two 
liagrams to express an A proposition.' 

(5) Conversion of fi. An E proposition can be con- 
vert^ eitnply ; that is, without c^nge of quantity. For, 
S oP asserts that the attributes connoted by P are found 

' See p. 118 . 
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in none of objects which S denotes, btit only in other 
objects. Henc^, none of the objects in which P is found, 
and which are all denoted by P used as a substantive 
name, possesses the attributes which are connoted by S* 
The separation between the things which are S and those 
which possess the attribute P is total and absolute; and 
is, therefore, reciprocal. Whether we regard it from the 
side of S or of P, each individual S difpM's from each 
individual P. Thus, we can convert S P to P e S. If 
‘ No horses are carnivorous,’ it follows that ‘ No carnivor- 
ous animals are horses.’ 

So, if we refer to the diagrams, we see that only one is 
required.^ 

(c) Conversion of I. As neither term in an I proposi- 
tion is distributed, it is clear that, by converting it simply, 
we shall break neither of the rules of conversion. Thus, 
S i P converts to P i S, and the proposition remains par- 
ticular. ‘ Some herbs are poisonous ' gives as a converse 
‘ Some poisonous things are herbs.’ The * some ’ remains, 
of course, purely indefinite; and when wo speak of the 
simple conversion of Z wo do not mean that * some ’ denot.es 
the same proportion of the total denotation of the subjc. ts 
of both convertend and converse. When the subject of 
the convertend is a genus of which the predicat/O is a 
species, the simple converse reads somewhat awkwardly. 
Thus, ‘ Some human beings are boys ’ converts t>o ‘ Some 
boys are human beings,’ which, we feel, is not m definite 
an assertion as our knowledge of the mjitter would warrant 
us in making. This is particularly noticeable when we 
reconvert the converse of an A proposition. The converse 
of S a P is P i S, and we can only convert this again to 
Sip, where the double logical process has led to a loss of 
fullness in the statement. For example, ‘ All monkeys are 
animals ’ converts to * Some animals are monkeys,’ and the 
simple converse of this is ‘Some monkeys are animals.’ 
This shows that conversion per accidens is not a reciprocal 
process, as simple conversion is. But, no matter what the 
I proposition is, or whence it is derived, it can, by itself, 

> See p. 118. 
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only justify us in deducing another 1 proposition as its 
converse. 

This indehniteness is illustrated by the fact that I 
requires four diagrams to express the possible relations 
Ixitween P and S which it covers; from examination of 
these it is evident that the relation between the terms is 
always positive, but so far as quantity is concemied abso- 
lutely indefinite.' 

(d) Conversion of O. As the predicate of an O pro- 
position is distributed, but the subject undistributed, we 
cannot convert a proposition of that form at all. For, by 
Rule \,S o P must convert to a negative proposition with 
S for its predicate. This would distribute S ; but Rule 2 
forbids this distribution, as S is not distributed in the 
converteiid. S o P asserts that Some S' 8 have not the 
attribute Py but it says nothing about the other possible 
S's. Hence, though the Some S's which form the subject 
are entirely separated from all those things which possess 
the attribute Py it does not follow that these latter are 
excluded from all the S's, It is possible that every P is S, 
though there are other instances of S as well which are 
not P. For example, * Some men are not honest * will not 
justify us in inferring that ‘Some honest beings are not 
men * ; nor can we say that some who pass an examination 
do not sit for it, because it is true that some who sit for 
an examination do not pass. In many cases, no doubt, the 
simple converse of an O proposition would be materially 
true ; thus ‘ Some men are not black * and * Some black 
things are not men * are both true propositions, but neither 
can be inferred by formal conversion from the other, for 
neither statement is justified by the other. 

" If we examine the three dia^ums required to represent 
O we see that no relation between P and S is conunon to 
them all.® Therefore we cannot convert the proposition 
S 0 P. 

To sum up the results we have obtained — 

A converts per aeddens ; S and I, simply ; O, not at aU. 

^Seep. 118 . ' 


' Sm p. 118 . 
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(e) Ohverted Converrion. As any categorical proposition 
wljiatever can l)e obverted» we can get a new inference from 
tb^original proposition by obverting the converse, accord- 
ing to the rules given in sub-section (i). Thus, expressed 
symbolically, we get — 


1 

Original Proposition ... 

S» P 

SeP 

SiP 

8oP 

2 

Converoe of ( 1 ) 

PiS 

PeS 

PiS 

(None) 

3 

Obv^orted Con verso of (1) 

PoS 

PaS 

PoS 

(None) 


As material examples we may give — 

( Original Proposition - A - Every truthful man is trusted, 

-j Converse • • • I • Some (mated men are truthful, 

\ Ohverted Converse - O - Smne (mated men are not untruthful. 

rOriginal Proposition - 1 ! - JVio cultivated diatrict ia uninhabited. 

«! Converse - • - B - No uninhohittd diatrict ia cultivated. 

(Ohverted Converse - Ml- All uniiiholnted diatricte are uncultivated^ 

{ Original Proposition - I - Some British avltjecta are dislumeat. 
Converse - • - I * Some dishonest people art British anhf ^ (s. 

Ohverted Converse - O - Some dishmeat peojjle are not aliens. 

(iii) Contraposition is the inferring, from a given 
proposition, another proposition whose subject is the 
contradictory of the predicate of the original propo- 
sition. The derived proposition is called the* Contra- 
positive ; there is no corresponding distinctive name for the 
original proposition. 

The contrapbsitive of any given proposition is most easily 
arrived at indirectly. It makes a predication about the 
contradictory of the predicate of the given proposition. 
Now, this contradictory appears as the predicate of the 
obverse of that proposition. If, then, this obverse can be 
converted it gives a proposition of the form required, in 
which the negative of the original predicate is the subject, 
and the subject of the original proposition is the predicate. 
Hence, the simple rule for con^position is : 

First ohvert, then convert. 
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This will give, in eyerv case, a proposition differing in 
quality from the original one ; for obversion changes the 
quality, and conversion does not change it back again. But 
the (piantity remains unchanged, except in the c.ase of the 
contraposition of E ; for, obversion does not change quan- 
tity, and, therefore, any change in quantity must be due to 
the subsequent conversion. Now, as ▲ and O obvert to 
E and I respectively, and both of these convert simply, the 
quantity will remain unaltered. But E ob verts to A, 
which can only be converted jicr accidem, and hence the 
contrapositive of the universal negative is a particular 
affirmative. Thus, comparing the contraposition with the 
conversion of universal propositions in respect to quantity, 
it is seen that when the one inference causes a change in 
quantity, the other does not, and vice versa. 

As I obverts to O, which cannot be converted, there can 
be no contrapositive of I. 

Contraposition is sometimes called Conversion by Nega- 
tion, and, as we see, it can be applied to O propositions, 
and is the only form of ‘conversion’ which can be so 
applied. But, it is better not to use ‘ conversion ’ in this 
sense, as the contrapositive has not the same subject as the 
converse, and also differs from it in quality. 

Obverted Contraposition, Having obtained the contra- 
positive of any proposition we can obvert it, and thus get a 
proposition ol the same quality as the original one. This 
Obverted Contrapositive has for each of its terms the con- 
tradictory of a term in the given proposition — its subject 
is the negative of the original predicate, and its predicate 
the negative of the original subject. Some, writers have 
confined the name Contrapositive to this form. The older 
logicians all did this, as they held that contraposition, being 
a kind of conversion, should not change the quality of the 
given proposition. There seems, however, to be no reason 
for thus restricting the application of the name. Both 
forms are contrapositives, and when we wish to distinguish 
them, we call the simpler — that is, the one which retains 
one of the original terms — ^the contrapositive, while the 
proposition derived from that by obversion is fitly named 
the obverted contrapositive. 
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We get, then, the following resultfl, expressed symboli- 
cally — 


1 

Original Proposition 

SaP 

SeP 

SiP 

SoP 

2 




ISoS] 

[Sih 

il- 

Contrapositive of (1) 

PeS 

Pis 

(None) 

Pis 

1 * 

Obverted Contrapositive of (1) 

Pa$ 

PoS 

(None) 

PoS 


As material examples we may give — 


[ Original Proposition 
[Obverse] 
Contrapositive 
Obvd, Contrapositive 


A - Every poison capable of detifroying 
life. 

[B] - [JVb poison is incapable of destroying 
life.] 

B - Nothing incapable, of destroying life 
is poisonons. 

A - Everypiing incapable oj destroying 
life is non^poisfmous. 


f Original Proposition 
[Obverse] 

Contrapositive 

Obvd. Contrapositive 


Original Proposition 
[Obverse] 
Oontriipositive 
Obvd. Contrapositive 


B - No lazy person is deserving of sva'^'css, 

[Aj- [hh^ery lazy person is nndeservn.j of 
success. I 

Z - Some people nnde.sennng of success 
are lazy. 

O - ^ome people nndeserring of success 
are not vof-ltizy. 

0 - S\mie unjust laws are, not repealed. 

[1] - [*Vomc unjust laws are unrepealed.] 

1 - Some unrepecded laws are unjust. 

O - Some unrepealed laws are notjmt. 


The great value of contraposition is this. The aim of 
science is to reach propositions which are in faei reciprocal. 
In such propositions the predicate is statf^d so definitely 
that it is strictly characteristic of the subject, that is, it 
belongs in exactly that fonn to nothing else, and the 
knowledge expressed by the proposition is, therefore, of 
the most precise form attainable. When then S a P 
established, we want to know if P a 5 is also true ; and the 
readiest ♦ay to establisli this is generally- to exapiine cases 
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<)£ S and endeavour to establish the proposition S e P 
which is the contrapositive ot P a S, The importance of ' 
this will appear more clearly in the discussion of Induction. ; 

(iv) Inversion is the inferring, from a given pro- 
position, another proposition whose subject is the 
contradictory of the subject of the original proposi- 
tion. The ^?iven proposition is called the Invertend, that 
which is inferred from it is termed the Inverse, 

The inverse of any given proposition is most easily 
arrived at indirectly, through some of the forms of educ- 
tion we have already considered. We can only obtain the 
contradictory of a tenn by obverting the proposition of 
which that tenn forms the predicate. S must, therefore, 
have bmi made the predice,te of a proposition, and then 
that proposition must have been obverted for us to get 
non~S. Two eductions — the obverted converse and the 
obverted contrapositivo — satisfy these conditions. If. then, 
we can convert either of these we have an Inverse. Hence 
the rule for Inversion is — 

Convert either the Obverted Converse or the Diverted Con- 
trapositive. 

In the case of A the obverted converse is P o S, and this 
is inconvertible. But the objerted contrapositive is P a S, 
which can be converted io S i P, As both the tenns of 
this proposition are contradictories of those which appear 
in the original proposition, it is not the simple, but the 
obveiled, inverse. As, however, obversion is a reciprocal 
process, we can obvert this to S o P, which gives the simple 
inverse. 

In the case of E the obverte^converse i^ P a 5, which, 
by conversion, gives the inverse S i P \ this we can obvert 
to Sop, which is the obverted inverse. ^ 

In the case of Z the obverted converse is P o 5, which 
cann'ot be converted; and it has no obverted contraposi- 
tive ; therefore, it can have no inverse. 

In the case of O there is jio obverted converse, and the 
obverted contra|^sitive is P o Sy which cannot be cour 
verted ; O lias, therefore, no inverse. * 
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So the possible inverses expressed symbolically are — 


1 

Original Proposition 

S a P 

S eP 

Si P 

SoP 

2 

[Obverted Converse of (1)] 


[/>a5l 



3 

[Obverted Contrajjositive of (1 )] 

r—i 

■OJ 

S' 




4 

Inverse of (1) - 

SoP 

8 i P 

(None) 

(None) 


Obverted Inverse of (1) - 

8 iP 

SoP 

(None) 

(None 


As material examples v/e may give : — 


/Original Proposition - A - hJvery tnUh/til viania h-usted. 

) rObvd. Contrapositi vo] • [ A] - {Every vot-trusted man is untruthfid, ] 
Inverse - - O - Some untmithfid men are not trusted, 

Obvd. Inverse - I • Some untrnihfnf men are nci-imsted. 


Original Proposition 
[Obvd. Converse] - 
Inverse 
Obvd. Inverse 


• E - Ab unjust act is worthy of jmiise, 

- [A]- ^very act worthy of praise is just, 

- Z - Some just acts are toorthy of praise. 

• O - So^ne just acts are not unworthy of 

praise. 


All the forms of Eduction may be thus tabulated — 





A 

B 

1 

0 

-{ 

1 

Original Proposition • < - 

SaP 

SeP 

S'lP 

SoP 

2 

Obverse of (1) 

8eP 

SaP 

SoP 

SiP 


3 

Converse of (1) 

PiS 

PeS 

P i 8 


t 

4 

Obverted CJon verse of (1) • - 

Po8 

PaS 

PoS 


1 

5 

Contrapositive of (1) - - - 

Pe8 

Pi8 


PiS 

6 

Obverted Contrapositive of (1) 

PaS 

1 - - 

Po'S 


Po8 


7 

1 Inverse of (1) 

Sop 

SiP 



3 

Otfverted Inverse of (1) • - 

Sip 

8oP 
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2. Eductions of Kypothetical Propositions. — ^Though 
true lijpotheticals are universal, yet we have seen that 
elome particulars take the same general fonn, and may be 
regarded as imperfectly developed hypotheticals.* Embrac- 
ing these propositions we liavo forms corresponding to each 
of the four forms of categorical propositions, and the full 
table of eductions is applicable to them. These inferences 
are seen, piuhaps, more clearly when the propositions are 
not written in the abstrax^t form directly expressive of con- 
nexion of content, but in the following more concrete and 
denotative forms which are justified by and correspond to 
them, and which we have called conditional® — 

A. If any S M, then always, that S is P, 

E. If any S is M, then never, that S is P. 

Z. If an S is M. then sometimes, that S is P, 

O. If an S is M, then sometimes not, that S is P. 

It must be remembered that ‘sometimes' is purely in- 
definite, like ‘ some,' and moreover it does not necessarily 
imply the iictual occurrence of the consequent in any oiuj 
instiince; its force is really* it may be,' while ‘sometimes 
not ' simply means, ‘ it need not be.' 

As examples we will give the eductions from A expressed 
symbolically — 


/Orig. Prop, 
t Obverse 

- A - //' any S is M, then always, that S is P, 

• S - if any S is Af, then never, that S is not P, 

( Converse 
-| Ob. Conv. 

- Z - If an S is P, then sometimes, that S is Af. 

- 0 - if an S is P, then sometimes not, that S is 

not Af. 

( Contrap. 
\Ob. Contr. 

- E - //* any 8 is not P, then never, that 8 is Af. 

- A - if any 8 is not P, then ahoays, that 8 is not Af . 

/ Inverse 

- 0 - If an 8 is not Af, then sometimes not, that 8 

is P. 

- X ‘ If 8 is not M, then sometimes, theU 8 is 

not P. 

‘job. Inv. 


See p. 108. 


® See p. 107 . 



§ 3] EDUCTIONS OF DISJUNCTIVE PROPOSITIONS. 165 

3. Eductions of Disjunctive Propositions. — Educ- 
tions can only be drawn from disjunctive propositions in 
which alternative piedicates are affirmed of one subject. 
Tliey are more clearly seen if we take the denotative forms 
of proposition, corresponding to the categorical A and Z, 
and the same eductions can be drawn from the former as 
from the latter. Tlic derived propositions, however, are not 
themselves disjunctive. 

The symbolic expressions of the eductions from a uni- 
versal disjunctive arc — 

( Oiig. Prop. Every S is either P Q. 

V Obverse. No S is both P and Q, 

/Converse. Some things thcU are either P or Q are 8. 

\Ob. Conv. So7ne things that are either P or Q are not S. 

/ Con trap. Nothing that is both P and Q is 8. __ 

lObv. Contr. Everything that is both P and Q is 8. 

/Inverse. Some 5’s are neith^ P nor Q. 

lObv. Inv. Some S's are both P and Q. 



CHAPTER XIV. 


FALLACIES INCIDENT TO IMMEDIATE INFERENCE. 

1. False Opposition. — Any of the inferences based on 
the opposition of propositions may l>e wrongly drawn, and 
we then have a fallacy of opposition. Thus, for example, 
to infer the falsity of the subaltern from that of its sub- 
alternans, or the truth of the subalternans from that of its 
subaltern, would be such a fallacy. But the most dangerous 
and fmqiienily committed fallacies of opposition are those 
connected with contradiction. The contrary may be con- 
fused with the contradictory. Jt is easy to state a number 
of alteniatives and assume that they are all that are pos- 
sible. As we have already noted, one form of misinterpre- 
tation of a disjunctive proposition is due to thus assuming 
that the alternatives given exhaust the possibilities. Under 
this head may be brought Aristotle’s fallacy of Many 
Questions. 

Flures Znterrogationes. — ^The Fallacia Plurittm Inter- 
rogationum or Fallacy of Many Questions^ is the attempt to 
get a single answer to several questions asked in one, as in 
the old example : * Have you left off beating your father ? * 
Ollier examples would be * Where did you hide the goods 
you stole last night ? * ‘ Have you cast your horns ? * 
This last is a traditional example, and from it the fallacy 
is sometimes called the Comuiue. The whole is to-day 
quite frivolous, and the only justification for noting it as a 
separate class of sophism was that the common method of 
disputation amongst the Greeks was a procedure by ques- 
tion and answer. It lingers among ourselves as a common 
device of a cross-examining counsel. The essential nature 
of the fallacy is false opposition, due to the wrong appli- 
cation of the principle of Excluded Middle. Tne usual 
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examples take the form * Is it ;r or y P ’ and assume that it 
must be either ;r or y ; that there is no other alternative. 
Thus the first example omits the alternative * Tou never 
did beat your father/ and assumes that the only possible 
alternatives are * You still beat your father ’ and * You used 
to beat him but do so no longer.* 

2. Illicit Conversion. 

(i) Abstract. — To convert a proposition so that a term 
is used universally in the converse which was only used 
particularly in the convertend is a fallacy not infrequently 
committed. This is only possible with A and O categorical 
propositions, and with the hypothetical forms which corre- 
spond to them. When the fallacy is committed openly it 
may be called abstract ; when it is hidden by the language 
it may be said to be concrete. Tlie former class of fallacies 
has l)een already discussed with sufficient fullness.’ Under 
the latter head come two of Aristotle’s fallacies, viz. Acci~ 
dens, where the illicit conversion is that of an A categorical 
proposition, and Gonsequens, where it is of a universal 
liypothetical. 

(ii) Accidens. — The Fallacia Accidcntis arises wh< ii a 
pr^ication which can be correctly made of any subject is 
made of all the ‘ accidents * of that subject. But by ‘ acci- 
dent ’ is here meant, not what is denoted by that name in 
Porphyry’s Scheme of Predicables,- but, any subordinate 
part of a general notion. Thus, ever^ 8j)ecie8 and indi- 
vidual is an accident of its genus, in tins sense of the term. 
Tlie fundamental invalidity in such inferences is the simple 
conversion of an A proposition, whence the correct conver- 
sion of that form of proposition is said to l)e per accidens. 
Thus, to take an example given by Aristotle : ** Every 
triangle has its three angles equal to two right angles; 
every triangle is a figure ; therefore, every figure has its 
three angles equal to two right angles.** Here we have a 
spurious syllogism with illicit process of the minor term ; 
that is, * figure * is distributed in the conclusion though not 
in the premise. But if the minor premise were simply con- 

* ‘ See p. 146u See pp. 40 42-43 
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verted the formal argument would be a correct syllogism, 
though with a false minor premise. The error is obvious. 

Yet,” says Grote, “ Aristotle intimates that a scientific 
geometer of his day, in argument with an unscientific 
opponent, would admit the conclusion to be well proved, 
not knowing how to point out where the fallacy lay : he 
would, if asked, grant the premises necessary for con- 
structing such a syllogism ; and, even if not asked, would 
suppose that he had already granted them, or that they 
ought to be granted,” which, as Groto remarks, '‘affords 
us a curious insight into the intellectual grasp of the 
scientific men contemporary with Aristotle. ” ^ Under this 
head should come a form of fallacy which is classed by 
De Morgan under the head of soqiuvocatio. “ To call you 
an animal is to s{)eak truth, to call you an ass is to call 
you an animal ; therefore, to call you an ass is to speak 
truth.” 

Many logicians have failed to understand the nature of 
this fallacy, and have regarded it as but another name for 
the Fallacia a dido simpliciter ad didum secundum quid, 

(iii) Gonsequens. — The Fallacia coneequentis was in- 
tended by Aristotle to denote simply the formal error of 
inferring the truth of the antecedent from that of the con- 
sequent, or the falsity of the consequent from that of the 
antecedent. In the former case the error involved is that 
of invalid conversion ; in the latter case we have an in- 
stance of illicit inversion. Like other fallacies, the in- 
validity is often hidden by the length and complexity of 
the argument in which it occurs. The most dangerous 
form of it is, undoubtedly, the assumption that a conclu- 
sion is necessarily wrong because it is supported by invalid 
arguments, or, conversely, that the arguments urged in 
support of a proposition accepted as true must necessarily 
be cogent. In both these cases personal bias and prejudice 
have abundant scope to come into operation. When a 
conclusion is deduced from an invalid argument, we are 
only justified in saying that such a conclusion is not 
proven, not that it is disproved. In any case, it must be 


^ ArittoOe, p. 391. 
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remembered, a proposition can only be disproved by a 
cogent argument establishing its contradictory. 

3. Illicit Contraposition. — Contraposition is illicit 
when the conclusion contains a distributed term which 
was undistributed in the premise. As contraposition 
involves both obversion and conversion, it will be found 
that the invalidity is always in the latter process. Thus, 
a fallacy of contraposition is only possible when the given 
premise is an E or I proposition or a hypothetical proposi- 
tion of corresponding form. 

4. Illicit Inversion. — To infer irojnJSvery S is P that 
No S is P or from No S is P that Every S is P would be to 
commit the fallacy of illicit inversion. Thus to argue 
that * Thought is existence, therefore, wliat contains no 
element of thought is non-existent * or that ‘ A bad man 
must be miserable because happiness is the result of well- 
doing * is to commit this fallacy. Similarly to assume 
that because the proposition If S is M it is P is established, 
therefore, we are justified in assuming that If S is not M 
it is not P would bo to commit this fallacy. Inductive 
enquiry is somewhat liable to this error. The sufficiency 
of a positive condition to secure a given result must not, 
however, be held to demonstrate that the result could be 
attained in no other way. Because a certain flower is 
fertilised when it is visited by insects, it does 'not follow 
that it could not be fertilised if no insects came near it. 
Whether it is so or not must be settled by a special 
enquiry conducted under conditions which exclude the 
positive agent already known to be sufficient to secure the 
result. 



CHAPTER XV. 


OENBBAIj method of knowledge. 

1. ITatnre of Logical ISethod. — The aim of thought 
is to reach exact knowledge. Such knowledge is a brancli 
of science, no matter with what material it is concerned, 
and the thought which deals with it is scientific thought. 
The popular restriction of the words ‘ science ’ and * sci- 
entific * to knowledge of the material universe has no 
logical meaning. It is true that in some such depart- 
ments of knowledge greater precision and certainty have 
been reached than in those which deal with human affairs, 
either in the present or in the past. That is because the 
material is more amenable to manipulation and more 
uniform in its nature than are tlie motives and, con- 
sequently, the actions of men. But whether we deal with 
external nature or with the deeds of men in history, 
politics, economics, ethics, or any other aspect of human 
activity, the aim is always to reach real exact knowledge. 
That is, the aim is the establishment of science, and the 
means adopted are scientific in intention and in concep- 
tion, even though they cannot be employed with as much 
care, certainty, and exactness as in physics or in chemistry. 

In whatever department of knowledge the scientific 
investigator is working, much sad experience proves that 
he is liable to error. His conclusions may be true or may 
be false, or they may be a mixture of truth and falsity. 
What standard is there by which to test whether the 
results reached are trustworthy? As the veiy ultimate 
postulate of thought is that the truth cannot contradict 
itself, it is evident that consistency both with what is 
idready known and with what may in the future be 
established is the only conceivable test. If as knowledge 
* . 160 
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in that sphere advances such agreement continues to hold^ 
the concIusionB reached may be regiEurded as practically 
established. If it fails to hold, those bonclusions must be 
either rejected or modified. 

In every form of human activity success depends on 
skill acquired by long and patient practice. skiU 

means that the activity, be it bodily or be it mental, has 
gradually discovered the l)est way — or method — of setting 
to work. That there is a skill in discovery and in thinking, 
and that that skill is the outcome of practice becoming more 
and more effective, rejecting the needless and discerning 
with increasing certainty the pertinent, is evidenced by 
the notorious fact that it takes a long apprenticeship to 
make a successful worker in any department of know- 
ledge. The question for logic is whether this skill has 
features common to all its applications to this or that 
sphere of thought. Here logic has evidently to wait on 
the sciences. In the actual work of the study and the 
laboratoiy some methods have proved successful and have 
consequently l)een refined and extended: others have 
issued in failure and have needed modification if not re- 
jection. As science advances it improves its methods, 
and, it may be, modifies the conceptions which guide them. 
Such adaptation, in so far as it touches the common 
features of which we have spoken, must be recognised and 
accepted by logic. In other words, the establishment of 
*1^e mgic of method is itself a scientific work which uses as 
its material the special methods of the various sciences 
which deal directly with the facts of the world. But with 
the special features of these methods logic has no direct 
concern. Most certainly it makes no claim to dictate 
them, and most certainly also it did not — and could not— 
originate them. 

2. Analsrsis and Synthesis.— Now scientific tihought 
has two main objects — to reach truth and to expound it; 
The method suit^le to the one of necessity differs from 
tdiat appropriate to the other. For in the second case the 
whole sy^m pertinent to the matter in hand is knovm^ 
and the task is to set it forth as clearly and accurately as 

i.L. 11 • 
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poseible. Thought arranges the parts in their ascertained 
relaiions to each other in a known and understood system. 
The whole arrangement can be made orderly and correctly 
proportioned, just because the whole is Imown through 
and through. This, for example, is what is done in a 
good * summing-up ’ by the judge of a case in the law- 
courts. Such a method has long l^een known as Synthetic, 
because it puts together the elements of a whole in an 
orderly manner determined by the nature of that whole. 

So we see why it has been called the method of in- 
struction, and all scholastic history shows that for long 
amturies it was practically so employed. That friend of 
our childhood, ‘ Euclid’s Elements of Geometry,’ is es- 
sentially synthetic in its arrangement. So, too, was the 
traditional method of teaching Latin gi-ammar in abstract 
rules which had to be deductively applied to interpret 
Latin senteno/es. 

Nowadays we see that this method of exposition is 
only suitable when the object is to put a reasoned result 
Ix^fore one who has sufficient knowledge to appreciate the 
force of our premises. In other words, when a speaker or 
writer adopts this method he is — at any rate presumably 
—assuming that his hearers or readers have knowledge of 
like character with his own, if not of equal extent. 

When, however, the object is to teach those who have 
not such knowledge, the emptiness of the mind of the 
learner should be recognised. Whatever it may be to the 
teacher, the advance on the part of the learner is a dis- 
covery of knowledge, and the object to be accomplished is 
not merely the gathering of information but yet more the 
acquirement of skill in dealing with reality in thought 
ana in act. In the essentials of method — i.e. of the 
progress of thought — ^the learner is always a learner, no 
matter at what part of the ideally complete system of 
knowledge he is working. He may be a beginner, or he 
tnay see his system nearing completion. But in each case 
he has to start with fragments of knowledge and to try to 
connect those fragments together and to relate them to 
yet other fragments, as jet unknown, till a systematic 
wliole stands before his mmd. 
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But his thought deals with reality, sad in reality alone 
can it find its material. Yet that material cannot be 
gathered straight away. Tlie relations which bind thing 
to thing do not usually lie on the surface. On the con- 
trary they have to be sought with much labour and pain 
and frequent disappointment. After ages of effort many 
of the secrets of nature are secrets still. Such seeking is 
an analytic process of thought, that is a process which 
separates and holds apart what is combined in actual fact, 
often in so complex a way that the combination appears 
to the investigator as confusion. So the method of dis- 
covery is essentially Analytic. 

When the two methods are compared it is evident that 
the former presents a much more complete appearance 
than does the latter. As far as it goes it is a finished 
whole, but the latter always shows that its end is not 
reached. Hence it follows that the path of science is 
through analysis to synthesis, and that the more the 
contents of any department of knowledge can be exhibited 
synthetically the nearer has that branch of human effort, 
approached its goal. 

Abstractly, then, analysis and synthesis stand contrasted. 
Yet as the one leads to the other they are not antagonistic. 
Nor are they in practice held apart. The progress of 
knowledge is gradual, and at every step a syntlxesis of the 
results attained is the one sure basis of further advance. 
In no science is the one method used to the exclusion of 
the other, though in some sciences, as has been said, syn- 
thesis is more possible than in others. This is so in pro- 
portion as the relations considered are few and simple, 
as is emphatically the case with mathematics, where the 
relations dealt with are ideal and hypothetical and are 
only approximately discoverable in the real things of the 
world. They are relations which exist in their purity only 
for thought; consequently thought can deal with their 
results. But these results also are only hypothetically triSe 
— ^that is, they hold only under conditions which are never 
fully realised in fact. Still, to whatever extent mathematics 
cw he applied to a^ branch of knowledge that science 
becomes synthetic. For example, astronomy and phy^cs 
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ara much more syntibetiG than chemistry or geology, and 
these more so than history or politics. 

Broadly speaking, the physical sciences present us with 
particular objects and phenomena which demand from the 
enquiring mind an explanation. They suggest problems 
for solution, but the principles on which the solution de- 
pends are not apparent on the surface. Indeed “ between 
these principles and the facts under consideration the dis- 
tance is often immense. To pretend to traverse it at a 
stride, as Descartes says on the subject of method in 
general, is to wish to rise to the summit of a tower while 
neglecting the ladder intended for the purpose.”^ That 
ladder is analysis. We seek by careful observation, and 
where j)ossible experiment, to detach what is permanent 
and essential from what is variable and accidental. The 
connexions so discovered are formulated as a law or prin- 
ciple, and further investigation is directed to estabbshing 
the dependence of this law on others expressing relations 
of wider and yet wider generality. Such is the method 
most appropriate to the sciences which deal with concrete 
reality. Oi these we may mention chemistry, biology and 
geology as being largely analytical. 

But the process is one of great practical difficulty, and 
rarely is it immediately evident what principle expresses 
the relations which an examination of the facts suggests. 
Various possible principles may seem to offer a solution, 
and frequently the only way to decide between them is to 
assume one of them to be true, to draw out the conse- 
quences which follow from it, and to compare the results 
with the facts. But to argue from principles to conse- 
quences is a process of synthesis, and thus one of the 
most important uses of synthesis is to eke out the defici- 
encies of analysis. The two together have made many 
discoveries possible which neither could have achieved 
alone. 

At the same time there are some dej^ments of know- 
ledge rich in accepted ^neral principles, in which the 
method is mainly synthetic. Sucn is mathematies. Start- 


' Kabieri Logique, p. 2S8. 
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ing from certain axioms, definitions aftd postulates with 
regard to number and space, a closel^ connected system of 
truth is developed which in its most complex particiihirs is 
ultimately derived from those fundamental assumptions. 
Indeed the greatest step in transforming the general 
method of science is when considerations of exact quan- 
tity are first made applicable. The science is then brought 
into touch with mathematics, which has of all the sciences 
the most complete, because the most synthetic, method. 
Thus, for example, the science of astronomy has been since 
the time of Newton largely a mathematical application 
to the movements of the heavenly bodies of the laws of 
motion which he first formulate ; so, too, physics is 
becoming increasingly quantitative and therefore synthetic 
in its methods. 

But even mathematics is not entirely synthetic. When, 
for example, a theorem is proposed to a geometrician, he 
may assume the theorem to be true and work backwards 
to the conditions which must be fulfilled if the truth of 
the theorem is to be established. If in the course of tliis 
regress he arrives at a condition which is realised in the 
particular case under consideration, he regards the theoi cm 
as demonstrated. If it be a problem instead of a theorem, 
he seeks for conditions which can be realised and then 
effects the construction desired. 

For example, let it be required to deseri|;)e a circle 
through two given points M, N. If P be the centre of 
the given circle obviously it must satisfy the conditions of 
equidistance from M and N : the midme point Q of MN 
is such a point .*. Q is a centre. Can more circles than one 
be described? Let E be the centre of any other circle 
through M and N. Join Q B. Again B must be equi- 
distant from M and N. That would be so if the 
^sBMQ, NBQ were equal: they would be equal if 
Z B QM = ZBQN, These will be so if they are right 
angles. Bealise this condition and the problem is solved. 
The reasoning is analytic throughout and may be sym- 
bolised : A depends upon B, B upon 0, C upon JD. 2> is 
a realised or realisable condition .*. A at once follows. 
Indeed i& mathematics, though ^nthesis is of such im- 
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portanoe, progress is frequently made by a cai-eful analysis 
of suggested theorems or problems leading back to those 
which have been previously established or solved. Yet 
in directly communicating the results of research to others 
the synthetic method is adopted. 

Whenever a great and wide-reaching general principle 
is suggested the work in that science Incomes at once 
synthetic and analytic. The truth of the piinciple being 
hypothetically assumed, its results are worked out deduc- 
tively, and so is reached a synthetic exposition of the 
system as it would be were the assumption true. But 
at the same time, and at every step, analytic enquiry into 
pertinent facts is pursued, guided, of course, by the 
hypothesis, yet not blinded by pai-tiality for it so as to 
misread the facts. The aim of the analysis is not to 
establish the hypothesis, but first to test it. Its result 
may be modification or even rejection. In any case the 
synthesis, after it has taken up into itself the results of 
the analytic work, must be a very different thing — fuller, 
more clearly conceived, more exactly constructed — than 
was the preliminary synthesis. Moreover, it has passed 
from being merely a construction of possibilities to being 
ai^pi'esentation of reality. Such combined analytic and 
synthetic work 'goes on for years — even for centuries — and 
at every stage those two crutches of human thought in its 
slow march towards the truth are indispensable. In our 
own day we see one of the most stnking examples of this 
which the history of thought has shown in the gradual 
establishment of the hypothesis of evolution in the bio- 
logical sciences. 

We see, also, how the possibility of synthesis in one 
branch of knowledge acts not only as an incentive but also 
as a clue to possible synthesis in others. Evolution is now 
the guiding thought in all that concerns human life — in art, 
in religion, in language, in law, in politics, in economics, 
in ethics, as well as in what concerns man’s animal nature. 
It has lifted all these sciences to a level where thorough- 
going synthesis for the first time appears possible. It has 
done the same kindly service to geology, and even the 
more purely physical sciences have felt its influence. Thus 
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this great principle bids fair to do as much for the ulti- 
mate synthesis of the whole of knowledge into a systematic 
conception of the universe as the epoch-making theory of 
gravitation has done. 

Though analysis and synthesis thus co-operate, there is, 
nevertheless, a profound difference between their points of 
view. In the one case thought advances to an understand- 
ing of the whole through consecutive mastery of its parts 
and of their relations ; in the other it progresses to a more 
thorough understanding of the parts through their relation 
to the whole it is making more definite. Yet analysis 
retains its hold on the whole it analyses, and synthesis its 
grasp of the parts it is synthesising. As" has often been 
remarked since Condillac, it is impossible to take a watch 
to pieces without at the same time perceiving, more or less 
clearly, how the parts we detach were related to the 
mechanism as a whole. Yet to take a watch to pieces is 
not the same thing as to construct a watch from its con- 
stituent parts. So, in reasoning we deal with wholes and 
with parts, and we may proceed from either to the other. 
But the parts are meaningless except as constituents of the 
whole, and the whole is only secured when the part;^' are 
fully known and related. 

The illustration of the watch leads us remark th^^it 
is necessary to distinguish carefully between analysis and 
synthesis as methods by which thought grasps reality, and 
physical processes which are sometimes called by the same 
names. Doubtless the former may he aided by the latter. 
The task of unravelling the sensible complex of nature 
includes the separation of the simple elements which com- 
pose it; and the success of such separation is evidenced 
by the possibility of reconstructing the original complex 
by a combination of the elements. It would bo better to 
name such physical operations — of which chemistry offers 
the most obvious examples — Decomposition and Composi- 
tion, and to restrict Analysis and Synthesis to the processes 
of thought. When decomposition and composition are 
possible they simply express in matter what has already 
been planned in thought. And in many cases thought 
deals with elements which cannot be physically separa^» 
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and combines them in relations which are never perfectly 
realised in fact, as, for instance, those stated by the 
primaiy laws of physical motion. 

Again, a physical whole may be actually divided into 
parts related in space to each other, as, for instance, Eng- 
land into counties. Such physical partition has no relation 
to the analysis of thought. The division is arbitrary, and 
a knowledge of the parts as related does not increase our 
understanding of the whole. To enumerate the counties 
of England is not an act of thought, but merely a series 
of acts of perception. It is the analytic and synthetic 
processes of thought with which logic is concerned, and if 
any physical processes are initiated, they are initiated as 
auxiliary to the processes of thought. 

Analysis and synthesis increase understanding, that is 
they are methods of explanation. This proves that the 
composition and decomposition of substances in chemistry 
are not instances of them. These do not give the reasons 
for the combinations and separations of elements which 
are effected. Why should the mixture in a certain propor- 
tion of two gases with such diverse properties as oxygen 
and hydrogen produce, when an electric spark is passed 
through them, a substance so different from each of them 
as water ? A true synthesis would enable us to pass froni 
the properties of the elements to those of the compound 
as their necessary resultant. “ We do not suppose a 
mysterious force entering on the scene and taking posses- 
sion of the oxide of hydrogen ae soon as it is formed. . . . 
We live, on the contrary, with the hope and confidence 
that some day, thanks to the progress of molecular physics, 
we shall be able to pass from the constituents of water to 
the properties of water itself as easily as we to-day deduce 
the workings of a watch from the form of the parts and 
the manner in which they are arranged.”^ This brings 
out the point. It is not the actual physical arrangement 
of the parts of a watch, but the understanding of that 
arra.ngement which enables one to deduce the working. In 

‘ Huxley, cit. Rabier, Logiqne, p. 313, footiMte, Cf. the whole 
ohapter, pp. 293<316. 
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other words it is the anal^ic thought which makes possible 
the Bjnthetic thought which sees the watch as a watch and 
not merely as a collection of queer-shaped pieces of metal. 

We may distinguish, further, between full scientific 
analysis and a preliminary diyision of the matter under 
consideration into manageable poi-tions. Yet this division 
will mislead us unless it is based on something more than 
convenience. To be fruitful it must express a true theory 
of the relations of the parts. Take as an example the 
broad and apparent distinction between body and mind, 
aad consider now much both the biological and the mental 
sciences have suffered from their too rigid separation. 

Analysis, then, is the method by which discovery most 
naturally starts when it is concerned witli concrete reality. 
But to say that all discovery is made by analysis would be 
to ignore the advances made in knowledge by the aid of 
mathematics, for instance in astronomy, and to forget that 
once a principle has been demonstrated it is ever receiving 
fresh applications which lead again and again to a fuller 
apprehension of the system within which it applies. Such, 
for instance, is the application of the doctrine of evolution 
to many different branches of knowledge. Nor must we 
forget the important work of synthesis in testing principles 
provisionally taken for granted during the course of an 
enquiry. This procedure is in many cases an indispensable 
part of the process of discovery. 

Synthetic also is the higher work of the scientific imagi- 
nation. Men of powerful and original views in science 
have an exceptional facility in drawing out the implica- 
tions of principles already established in directions hitherto 
undreamed of, or in combining principle with principle to 
open up new fields of thought. Of such a nature are the 
hypotheses by which it is sought to explain a thought as 
at once a mental and physiological phenomenon, or by 
which the atom is conceived as a centre of force with a 
difference of electric potential. The construction of such 
theories differs only in degree, of course, from the testing 
of principles to which we have referred, but they are of 
wider scope and much less obviously suggested by the 
f^ts under consideration. 
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Moreover there ai‘e some cases where synthesis is the 
only method of investigation open. No body, for example, 
is ever found to be acted upon by one force alone, and 
of the various forces which keep any given body at rest 
or in motion, the effects are not observable separably and 
therefore cannot be isolated. Consequently the investi- 
gator is bound to work out the results of forces known 
or conjectured to be in operation in order to show how 
their combination can give the phenomena which he is 
examining. 

On tlie other hand synthesis sets out in orderly form the 
results reached by thought and thus enables us to get a 
kind of bird’s-eye view of some department of knowle<^e. 
But synthesis is not always possible as it is in mathematics. 
There, wherever an analysis has been effected, the con*e- 
sponding synthesis consists simply in reversing the order 
of thought. But it is not always possible to do this in 
other sciences. The psychologist has made considerable 
progress in analysing the functions of consciousness, in 
describing, for instance, the nature of attention, feeling, and 
so forth, but the synthesis which shows these functions as 
the necessary correlatives of the nature of consciousness is 
yet to seek. So also the biologist has much to tell of the 
functions of life as revealed to careful analytical enquiry, 
but cannot explain how they are synthesised in the different 
fonns of life in the organic world. And the reason is that 
the analysis is not yet complete: the greater the imper- 
fection of knowledge, the more partial will be the syntheses 
which are feasible. Just as in the whole system of know- 
ledge only a perfect apprehension of the whole would 
enable man to pass from point to point by synthesis or 
analysis at will, so it is in all branches of knowledge in 
which for the purposes of study the whole is divided. 
What is 2imed at is not an actual synthesis as a chemist 
makes a compound out of the elements. That would be 
to ask for nothing else than the creation of the world. 
But a conceptual synthesis is sought in which the world 
will find its explanation.^ Scientific investigation is most 


' Cf. Ch. 33. 
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complete when the synthesis has been so far accomplished 
that it is possible within a more or less limited range to 
apply the principles which in the main have been revealed 
by analysis. Thus synthesis is used to verify the results 
of analysis. 


3. Xtnles of Method. — Whether method as an orderly 
process of thought be analytic or synthetic it is always 
controlled throughout by purpose. The general purpose 
of all science is to reach truth. But this is, of course, too 
vague to be a practical guide in actual thought. There 
are first the wide aims which separate one ‘ science * from 
anoither, and which lay down broadly the limits within 
wfiich thought in any one process confines itself. This 
division into departments of investigation and of thought 
is itself a considerable contribution to method, and the 
increasing sub-divisions are signs of its progress. It is 
only in this way that considerations which are not relevant 
to the particular aspect of reality under examination can 
be safely ignored. The unity of the whole is assured by 
the unity of purpose which binds the separate sciences 
together. Further, in each separate investigation in a 
single science there is some distinct purpose which guides 
and controls it. XJuless this is clearly apprehended 
thought is likely to stray upon the way — to include what 
is not pertinent, to neglect that which is, to fail to see the 
relative importance of the elements considered. 

Thus the possibility both of orderly arrangement £g;id of 
correct estimation of the relative importance of the elements 
involved depends upon a clear conception of the end the 
enquiry is meant to attain. Of course when the aim of 
the investigation is to reach new knowledge and not simply 
to convey ^owledge new to another though familiar to the 
expounder, this conception of the end is not definite and 
precise knowledge : if it were there would be no room for 
the enquiry. But the nature and general character of the 
end to be attained must be clearly apprehended at the out- 
set, and kept in view throughout the process. Every 
step must be a progressive filling out and determination of 
this end tiil at leu^h the problem is solved. No learner 
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or enquirer can make true and regular progress hj groping 
in the dark. Attention must be concentrated and kej^ to 
the point, ready to see the relevance or irrelevance of each 
'new consideration, and to dwell on it or Teject it accord- 
ingly. And relevance to the end can only be estimated 
when the nature of the end is with more or less exactness 
known. 

Thus the first rule of method is— 

Make the purpose clear. 

The questions and problems which give the purpoie 
always grow out of what is already known. Every advance 
in knowledge throws a search-light on ignorance still ahead. 
Unless we are clear as to what we do Imow, as well as to 
what we want to discover or to prove, we again cannot 
proceed in confidence or in the most advantageous way. 
Thus a second rule of method is — 

Make sure of the startitig-poinL 

If we begin, as in the case of mathematics, with princi- 
ples and proceed to develop their consequences it will be 
incumbent on us to accept only those principles which have 
been already demonstrated, or which are tw fundamental 
to need demonstration, or, indeed, to admit of it. But 
if our investigation lies within the sphere of the sciences 
wliich are concerned with the interpretation of material 
facts, the first thing to do will be to secure that the facts 
have been rightly and completely apprehended. Unless 
this is done there will be no guarantee that the super- 
structure of knowledge built on them as foundation will 
have any stability. Now the method used in ascertaining 
the facts is primaiily that of observation. Nothing is 
more coimnon, as we shall see, than to find observation at 
fault. It is therefore important to determine its ex^t 
nature and to indicate how it must be conducted in 
order to avoid error. The importance of observation is 
evident when we remember that it is the means of ac- 
quiring that sense experience on which all our knowledge 
is bas^. 

But the direct range of observation is small,' and even 
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where conditions can be repeated at will, as in experiment, 
the facts are so multitudinous that no one man can verify 
them all. Moreover, in many cases, as for example in 
history, direct contact with the facts is impossible. There- 
fore, no matter what the department of knowledge ma^ be, 
the scientific investigator is dependent to a very consider- 
able extent on the testimony of others. This testimony 
will reach him in many different ways and will be of di- 
verse kinds. Not only will its transmission often enhance 
,the possibility of error, but its value as a i*ecord of actual 
observation will vary from absolute untrustworthiness to 
the highest credence. Logical method must therefore 
indicate on what grounds testimony is worthy of acceptance 
or rejection. 

When the facts have been determined the more intricate 
task remains of interpretation and explanation. For 
only in this way can the facts be shown to constitute in 
their universal relations an orderly system for thought. 
The constitution of such a system is effected by a process 
of reasoning which passes l^yond the immediate data of 
sense, and traces out the laws which the phenomena 
exemplify. The process is carried further by snowing the 
connexion of the laws amongst themselves, their applica- 
tion in new spheres, and where possible their dependence 
on laws more universal still. The facts from which a start 
is made are expressed in judgments, and so far as the facts 
are correctly expressed these judgments are true. From 
the truths thus given the mental construction of an of^an- 
ised body:gof knowledge proceeds by the derivation of other 
truths. In this process it is essential to advance cau- 
tiously and step by step, making sure of each before pass- 
ingon to the next. As liocke put it : “ General observations 
drawn from particulars are the jewels of knowledge, com- 
PUdiending great store in a little room ; but they are there- 
^re 4o be made with the greater carp and caution, lest, if 
we ,ta^e counterfeit for true, our loss and shame be the 
greater when our stock comes to a severe scrutiny. One 
or two particulars may suggest hints of enquiry, and they 
do well wl^o take those hints ; but if they turn them into 
conclusions, and make them presently general rules, they 
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are forward indeed, but it is only to impose on tbemselves, 
by propositions assumed without sufficient warrant.” ^ 

These cautions were summarised by Descartes in the 
Second Part of his Discourse on Method in the following 
rules which may be added to the two fundamental ones 
already given, which are' indeed, preliminary precautions 
without which no methodical process of thought can be 
even entered upon — 

Rule I. Never to accept anything as true which we do 
not clearly know to be so. 

Rule II. To divide each of the difficulties under 
examination into as many parts as possible, and 
as may be necessary for its adequate solution. 

Rule III. To conduct our thoughts in such order that 
by commencing with objects the simplest and easiest 
to know, we may ascend by little and little, and, as 
it were, step by step, to the more complex ; assign- 
ing in thought a certain order even to those objects 
which in their own nature do not stand in a relation 
of antecedence and sequence. 

Rule rVt In every case to make enumerations so 
complete, and reviews so general, that we may be 
assured nothing is omitted. 

These rules, from their very geneiulity, are no doubt 
difficult of application, but as the writers of the Port Royal 
Logic observe, “ it is always advantageous to have them in 
the mind, and to observe them as much as po^lSble when 
we tiy to discover the truth by means of reason, and as far 
arour mind is capable of knowing it.”* ^ : 

Speak^g generally, we may say that the essence of all 
the rules may be summed up in the directions to i||ake st|;re 
of our starting-point, to know the end we wish to 
and to go from the starting-point to that^nd by orderly 
and consecutive steps, each of which is seen in 
relation to all the rest of the enquiry. 

1 Of the Condwt of the Understanding ^ Sect. 

3 £ng. Trans., p. 316. 
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4. Inferential ITatnre of XCethod. — ^Whether our 
thought be analytic or synthetic it proceeds by deriving 
new- truths from truths already accepted. To this deriva- 
tion of truth from truth the name of Inference properly 
belongs. Consequently inference is a constant and essen- 
tial characteristic of the operations of thought by which 
systematic knowledge is developed. 

The distinction between synthesis and analysis corre- 
sponds broadly to that between deductive and inductive in- 
ference. So as analysis and synthesis mutually co-operate, 
and to some extent each implies the other, we must take 
care not to oppose deduction and induction to each other 
as though they were independent modes of thought. Both 
help to interpret the one system of realitjr. They differ in 
their starting-points, and consequently in their modes of 
advance. 

AU thought takes place within some system which it 
seeks to explain, whether it be the system of reality as a 
whole or some more restricted province of thought, as one 
of the particular sciences. The process of thought will aim 
at defining more clearly those relations holding between 
the parts of the system in virtue of which it is an organic 
unity. At any given moment the organisation of tlje 
system will be more or less complete. So far as it is 
complete we shall have a number of propositions expressing 
relations holding universally within the system ; and so far 
as it is incomplete a number of particulars awaiting ex- 
planation through the universals which they express. To 
exhibit these particulars as inter-related parts of the whole 
we may proceed to develop the imperfect organisation in 
either of Wo ways. Suppose the universal to serve as the 
^tai^tji^-ppint of explanation. In that case it is applied to 
par:i^ulars which come imder it, and thus we arrive at 
aTU^Sl^^owledge of the system. For example, our uni- 
Wsd may be ^e law of gravitation, and we may apply it 
,tQ case of abullet shot from a gun in a riven diWstion 
given Telocity, and thus determine ihe path which 
the projectile muirt necessarily take. Such a process is 
deductive and synthetic and on iU formal side is examined 
in the theory of the syllcigism. 
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On the other hand we may start with the unexplaii^d 
particulars and try to read them off as members of the 
system. This can only be accomplished by finding the 
universal relations which bind them together. Thus the 
conjunction of the south-west monsoon with heavy rain is 
shown after a careful examination of the particulars in- 
volved to depend mainly on the general laws which govern 
the action of heat on the sea and atmosphere. Such a 
procedure is called inductive, and the examination of the 
facts involved is that which we have already described as 
analysis. It is an insight into the nature of the whole 
or system based upon a careful examination of the parts.” ‘ 

But Induction is commonly used to cover the whole of 
scientific methi^d by whioli we seek to go from particular 
facts to general law, and it is, therefore, a wider term than 
analysis. For, as we shall see more fully later, the induc- 
tive method is based on deductive principles throughout. 
All methods of experimental enquiry involve deduction, 
and whenever in the course of the enquiry observation 
suggests a hypothesis to explain the facts, the results of 
the hypothesis are unfolded in syllogistic form. In short, 
we may repeat all that has been said on synthesis as 
supplementing analysis as applying to the relation between 
induction and deduction. 

Nevertheless, there is a distinction of aspect between 
induction and deduction. In induction re^ty presents 
itself in concrete and particular isolated insttoces, and the 
task of inference is to discern the universal which is more 
or less hidden in those instances. To this imiversal a clue 
is sought, while in deduction on the other band the uni- 
versal is given. In the one case we are seeking eome 
bond of connexion ; in the other, we are given the con- 
nexion and seek to know what is bound tegether by i% 
Thus in deduction reality first presemtC itself in ite uni- 
versal aspect, and inference traces that univOTSal^broug^ 
the differing and complex instances in vAiidi it manifests 
itself, while in induction the direction of the whole 
cess is reversed. The distinotion is, tiieiefoie, solely ohe 

‘ Creighton, An Introductorji Logic^ p. 



$ 5} VATtqUI OF fWFERBNOF. 1)7 

of the order in which the two aspects of reality are 
presented to us, and this difference can have no effect 
either upon reality itself or upon our final conception 
of it, when we know it in both its aspects. 

5. KTature of Inference. — It is now time to examine 
the nature of inference which is the most impoi*tant char- 
acteristic of method. It is evident from the general 
account of it just given that induction and deduction', 
and also analysis and synthesis to which they to some 
extent correspond, imply inference. But it may be 
urged that testimony and obseiwation, which give the 
particulars from which induction starts, are not on quite 
the same footing in this respect. Testimony, it will be 
granted, is one remove or more from the facts which it 
affirais, and the process by which we get back to them is 
clearly inferential, but surely in observation the contact 
with fact is direct, and things are as a man senses them. 
Yet njistakes in observation clearly show that things often 
are not what they are observed to be, and it will be evi(teht 
later that error creeps in for the very reason that infer- 
ence was present and was incorrectly made.* We may 
assert, then, that method is characterised in all its staged 
by inference. 

The challenge' of the truth of a judgment may arise from 
the practical needs of life or from the ideal of demonstra- 
tion which science sets before itself. In any case it’^can 
only be met by developing the judgment either in the 
direqtian of the reasons which support it or in that of 
the oojisequences which flow from it. At every step both 
reasons and consequences may be true or false, and the 
eiddeaee for them must be examined until data are reached 
wbich 4Ere> undisputed. The chain of reasoning will he 
complete^v^he^ the judgment is seen to follow necessarily 
throii^h all mtermediate steps from those facts or 
piindples which are beyond question. The proposition is 
then said to be proved, and the process of iifference is 
compute. Now it is of no importance from the logical 
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point of view whether the judgment so demonstrated is, or 
is not, new. Obviously we may seek reasons for a fact which 
is familiar, though we may never, have been conscious of 
the grounds which constrain us to accept it as it is. For 
example, we may seek the meteorological conditions on 
which the coldness of the east wind depends. But when 
we reach the conclusion, * therefore, the east wind is cold,’ 
though we know the fact now in a new way, and see its 
relation to facts hitherto not known or disregarded in this 
connexion, it is not the novelty of the relation but its 
cogency which constitutes the inference. Indeed, the 
whole series of premises might be as well known as the 
conclusion to start with, and the logical character of the 
process would remain the same. For it consists essentially 
in the exhibition of the necessary dependence of the facts 
on one another. 

Noi* is it different in those cases where a conclusion is 
reached which is new in the sense that Newton’s laws of 
motion were new when he first enunciated them. Here 
the same test has to be satisfied as in the first example we 
considered. Are the propositions so combined that the 
conclusion issues from them inevitably, and are they of 
such a nature that they have a like necessity immediate or 
derived? Then it does not matter whether the final 
judgment is familiar or unfamiliar: the conditions of 
connect inference will have been fulfilled. 

Jt is not correct, therefore, but is to confuse logic with 
psychology, to describe logical inference as^ passage from 
the known to the unknown, even if we define the unknown 
as that which is seen for the first time to be dependent on 
given truth. The mathematical demonstration is as much 
inference at its last repetition as on its first discovery. 
.The essential point is that the conclusion of our reasoning 
he necessarily conditioned by the reasons advanced in its 
favour. What is meant by the description is that Ihese 
reasons must be known to be true if there is to be any 
valid inference in the wider sense of the tmm. 

The problem then arises, how can there be, from known 
truths taken as premises, the assertion of afiother truth 
« distinct from them, and yet owing its assertion to them. 
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If we affirm that “ Plower^ are transient and that 
** Sables are expensive,” .and try to link the two facts to- 
gether our thought is baffled. As we say, we cannot see the 
connexion between them. But suppose that instead of the 
first fact we have the statement that “ All expensive things 
have a limited sale ” our thought at once goes forward to 
the assertion that Sables have a limited sale,” because of 
the common quality of expensiveness. Now this quality is 
a universal : that is, it is common to both propositions. 
And, unless there is to be the abrupt arrest of thought ex- 
perienced, for instance, in the attempt to draw an inference 
from the transiency of flowers and the expensiveness of 
sables, we must find some universal through which the 
facts are connected. Only through the existence of such 
imiversals is inference possible at all. If one fact had 
nothing in common with another we could never seek a 
reason for it outside itself. Each would be presented to 
the mind in complete isolation, and organised knowledge 
would not exist. Hence science resolves itself into 
search for universals, and in proportion as these are dis- 
covered, the inter-relation of fact with fact becomes more 
evident, and a firm basis for inference is secured. 

In all inference there is both a formal and a material 
factor. The first is concerned solely with tlie justification 
of the transition itself, and it is more prominent in deduc- 
tion than in induction. To formal considerations vfe owe 
the whole doctrine of the syllogism, and though all Syllo- 
gistic infeiences are abstract in that they do not take 
account of all the complex conditions which are found in 
every piece of reality, yet no inference is valid which 
violates the formal principles of syllogistic reasoning. ^ 
The practical danger is in extending them beyond them 
proper scope. 

The material factor is poucemed mainly with the grounds 
for^the judgments between which the transition from truth 
to truth is made. Of the adequacy of these in any parti- 
cular case logic cannot judge. It can only lay down general 
principles of adequacy : whether those principles are satis- 
fied in any’one instance demands a sufficient Imowledge not 
only of logic but of the branch of knowledge in question. » 
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6. System. — Inference would fee impossible apart from 
a system. Now the conception of a system is one that we 
have frequently employed. By it we mean a whole in 
which each part has a definite and necessary relation to 
every other if the whole is to be constituted at all. A 
machine may be taken as an example. Displace a lever, 
unscrew a bolt, re-distribute the parts, and the machine as 
a machine ceases to exist. The nature of the whole deter- 
mines the nature of the parts, and the nature of the parts 
determines the nature of tlie whole : there is an essential 
thread of relation binding all together and eacli to each. 
Contrast a heap of firewood. It forms a whole in which 
the sticks are tlie separate parts, but the position of each 
in reference to the rest is a matter of indifference, and 
there is no necessary relation between them. 

If we suppose, then, some knowledge of a system, the 
possibility of inference is at once apparent. For given the 
truth about any part we can pass to the truth of some 
‘t)ther part through the universal relations in which it 
stands to the whole it helps to constitute. These relatious 
express its nature, and in them the nature of the whole is 
potentially revealed. Consider the case of a workman who 
in the course of excavations turns up a human jaw-bone. 
He may not recognise it as such, or if he does, he regards it 
curiously, and casts it away. He has no useful system 
into which the fact will fit, and so receive a fuller meaning. 
But the geologist with the same preliminary data can 
commence a process of thought by which Jie constructs 
mentally the conditions of life that must have prevailed 
during the time when the human being of whom this sole 
relic remains was still alive. He determines perhaps that 
it mustdiave been preserved from pre-historic times. The 
anatomist, too, from the size and shape of the bone can tell 
a great deal about the physical frame with which alone it 
would have been consistent. He may, perhaps, show that 
only muscles of much greater strength than is common to- 
day could have moved it. 

In some such way a number of inferences impossible to 
the workman might be drawn by the tomb of sciehoe because 
fee possesses a knowledge of the systems appropriate to the 
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fact to be interpreted. But he to6 would have failed to 
make an inference if he had not had a system of inter- 
related truths enabling him to pass from what was given 
and recognised as a part of the system, to its meaning in 
the light of the whole. 

The extent of possible inference will coincide with our 
knowledge of the system within which our thought is 
working for the time lieing. The citizen knows enough of 
tJie tramway system of his city to be able to decide what 
car he must catch, and where, in order to get to any place 
within a specified time. But beyond that, and indeed 
often within those limits, his thought is apt to be vague. 
Ask him what power is needed to move the cars, how it is 
generated and distributed, wliat inclines can be safely 
attempted and why, and he is soon at the end of his 
tether. Not so with the electrical engineer, whose know- 
ledge of the system goes deeper, and whose capacity, there- 
fore, to answer questions that arise is greater. If it is 
proposed to introduce a new type of car, he can tell in his 
study what conditions it must fulfil to be safe ; or if any 
extension of the service is contemplated, he can work 
out from the data which a preliminary survey supplies, 
what alteration of his source of supply will meet the new 
demand. Both citizen and engineer infer ; but the wider 
scope of the one is the result of a wider acquaintance with 
the relations subsisting between the various parts of the 
system. 

It is evident, then, that within the one ideal system of 
perfect knowledge there are many actual smaller systems 
which are known with more or less completeness. W 
these the most important are those which serve a scientific 
purpose. A minor system which satisfies a practical need, 
such as that represented in a railway time-table, may be 
known through and through, but that is never the case 
where the governing aim is a knowledge of reality. The 
power to i^er breaks down at some point or other ; the 
engineer, for example, cannot answer every question. 
Where that is so a problem arises for solution. Now, 
however the solution is reached, whether by a process 
of analysft or synthesis, or by both, it presents itself as 
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a claim to form part of a system. The claim is estab- 
lished when the system as it stands, or if need be as 
reorganised, incorporates it in such a way as to make a 
chain of inference more complete ; it is disallowed when it 
is found to l)e repugnant to existing systems and to 
suggest no modification of them in which it would find a 
consistent and necessary place. All advance in knowledge 
is made by the perfecting of systems through inference, 
whether in the way of completing iJieir internal organisa- 
tion or in establishing connexions between them which 
bring us nearer to the ideal system of perfect knowledge. 

But knowledge, though essential, will not alone give to 
the individual the power of inference in any department 
of thought. Especially is this the case in the labour of 
discovery. Men differ in the sagacity they display in 
seizing on the relevance of facts and in discerning the 
right kind of relation. The search for the universal which 
explains is easier to the genius of one man than to that of 
another. “ Darwin was noted for his keenness in detecting 
connexions which escape the ordinary eye, as well as for 
his skill in giving explanations of them. On one occasion, 
he observed that in that part of the country where he lived, 
clover was abundant in the fields which were situated nmr 
villages, while the outlying fields were almost destitute of it. 
What now, he asked himself, is the connecting link be- 
tween these facts? Some investigation of the matter 
convinced him that the three agencies which produced this 
result were humble-Ws, mice, and cats. The bees fertilise 
the clover flowers, and thus make the plant abundant, the 
field mice destroy the bees’ nests, but the cats go out from 
the villages into the fields near by, and destroy the mice.”^ 
Thus the existence of the personal factor precludes the 
laying dqjvn of detailed precepts for the conduct of pro- 
cesses of infeimce. At the same time it is possible to 
frame general rules of method which should be observed 
in the conduct of scientific investigations. 


^ Oreightou, An Introductory Logic, pp. 381-382. 
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FALLACIES INCIDENT TO METHOD. 

§ 1. Fetitio Frincipii. — By a principium Aristotle 
]neans a truth which can be known of itself. Patitio 
principii is, therefore, committed when a proposition 
which requires proof is assumed without proof. In other 
words, in this sense, the petitio principii is the undue 
assumption of axioms. Now an axiom is a self-evident 
truth, such as are the fundamental assumptions of mathe- 
matics and of logic. But it is very easy and very common 
to confuse both the desired and the familiar with the 
obviously true. So that what requires proof is assumed 
as not at all open to question, and from it all sorts of 
consequences are deduced and regarded as proved. The 
Middle Ages, with their reverence for authority in jnatters 
" of thought and knowledge as well as in those of faith and 
conduct, were prolific in such spmious axioms. That 
everything found in Aristotle’s works was true, and every- 
thing not found there false — as when Scheiner’s monastic 
superior rejected his discovery of spots on the sun in the 
words, n: “ I have searched through Aristotle, and can 
find nothing of the kind mentioned ; be assui'ed, there- 
fore, tl)||^t it is a deception of your senses or of your 
glasses ' — was, perhaps, the assumption that did most to 
prevent men from seeking fresh knowledge. It was long 
regarded as axiomatic that the colours in the rainbow 
were arranged in a different order from that in which they 
actually appear — so far can pre-conception go in determin- 
ing what is actually perceived. Other assumptions were 
due to a kind of common-sense estimate of experience — as 


* See Baden Powell, History of Natural Philosophy, p. 171. 
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that bodies fall with a rapidity proportioned to their 
weight ; that some substances, such as name, are positively 
light. Others were mere figures of speech— as that 
‘ nature abhors a vacuum.’ One of the greatest advances 
in human thought is the recognition that nothing is 
axiomatic which admits of verification. 

In our own days the fallacy of assuming axioms is most 
frequently found in arguments relating to human affairs. 
That all change is for the better is regarded by many 
earnest social and political reformers as axiomatic, and the 
nature of the assumption is hidden by the question -begging 
term ‘ progress.’ This — which properly means nothing 
more than advance in some direction — is assumed to be 
advance in a desirable direction. The common fallacy of 
party politics of assuming the party proposals to be neces- 
sarily wise and good, and those of the opposed party to be 
inevitably foolish and evil, and the related assumption that 
“ the will of the people ” is expressed by the party cries, 
common though they be, are almost too foolish to merit 
notice in a serious work on Logic. 

By logicians generally the term is, however, used more 
widely to denote petitio qusesiti, or the assumption in some 
form of the very proposition to be proved, as a premise 
from which to deduce it. This may be done, Aristotle 
tells us, in five different ways : — b^ assuming the very pro- 
position to be proved ; by assuming, when the conclusion 
is particular, a universal which involves it; by assuming, 
when the conclusion is universal, a particular involved in 
it; by assuming piece by piece the proposition to be 
proved; by assuming a proposition which necessarily 
implicates the proposition to be proved. The assiHuption, 
it will be seen, is in every case of the same checracter. The 
two first n^odes of committing the fallacy are, however, of 
the greatest importance and of the most frequent occur- 
rence. 

The direct assumption of the proposition to be proved 
would seem to be hardly possible when it is expressed on 
both occasions in the same terms. Still, people can be 
found who commit it. Commenting on an attempt to 
square the circle published by a Mr. James Smith in a 
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work entitled /o OracA;,De'Morgausavs: “Mr. Smith’s 
method of proving that every circle is 3§ diameters is to 
assume that it is so, — ‘ if you dislike the term datum, then, 
by hypothesis, let 8 circumferences of a circle be exactly 
equal to 25 diameters,* — and then to show that every other 
supposition is thereby made absurd. The right to this 
assumption is enforced in the ‘Nut* by the following 
analogy : — ‘ I think you (!) will not dare (!) to dispute 
right io this hypothesis, when I can prove by means of it 
that every other value of ir will lead to the grossest absur- 
dities ; unless, indeed, you are prepared to dispute the right 
of Euclid to adopt a false line hypothetically for the pur- 
pose of a reductio ad ahsurdum demonstration in pure 
geometry.* Euclid assumes what he wants to disprove, 
and shows that his assumption leads to absurdity, and so 
upsets itself. Mr. Smith assumes what he wants to prove, 
and shows that his assumption makes other propositions 
lead to absurdity. This is enough for all who can reason.*’ ^ 
Such direct assumption is, however, by no means unusual 
when synonyms are used . Put symbolically, it being agreed 
that S is identical with and P with B, the fallacy is 
committed when the proposition ^ is is assumed as a 
premise from which to prove S is P, This is, in the 
strictest sense, “ begging the question.” According to the 
directness of the invalid process two sub-forms may be 
distinguished — the hysteron proteron and the circuhis in 
demonstrando. 

In the hysteron proteron the conclusion and the premise 
are really the same. Here the fallacy is committed in a 
single stop <9i inference, as ‘ The volume of a body dimin- 
ishes whem it is cooled, because the molecules then become 
closer.’ ‘ Opitim induces sleep because it has a soporific 
quality,* It is obvious that the richer a language is in 
synonyms the more likely is a hysteron proteron to appear 
in arguments expressed in that language. Often a propo- 
sition expressed in abstract terms is given in proof of the 
same proposition expressed in concrete terms, as when wa 
are told that the loadstone attracts iron b^ause of its 


‘ Budget of Paradoxes, p. 327. 



186 ITALLACIBS INCIDENT TO METHOD. [OH. 16 

magnetic power, or that oxygen combineg with hydrogen 
because it has an affinity for it. A good instance of this 
form of fallac^y was unconsciously supplied by the member 
of Parliament who argued that ‘ the bill before the House 
is well calculated to elevate the character of education in 
the country, for the general standard of instruction in all 
the schools will be raised by it.’ 

The fallacy may even be committed in single words, by 
the use of what Benthain terms “ question-begging i^pel- 
latives,” that is, those which beg the question under the 
pretence of stating it. “ These,” says Dr. Davis, “ are 
potent when laudatory, but even more so when vitupera- 
tive ; as Radicals, Rebels, and most political catch- words. 
The word ‘ innovation ’ having acquired a bad sense, the 
admission, which is unavoidable, that a new measure is an 
innovation is always construed to its disadvantage.” * So, as 
has been noted, * progress ’ is applied to change as a form 
of approval. 

It must not be supposed that it is difiicult to fall into 
this fallacy unintentionally, or that only persons of un- 
trained minds can be guilty of it. G-alileo accuses Aristotle 
himself of having committed it in the following argument: 
— ‘The nature of heavy things is to tend towards the 
centre of tho universe, and of light things to fly from it ; 
oxperieu(je proves that heavy things tend towards the centre 
of the earth and that light things fly from it ; therefore, 
the centi-e of the earth is the centre of the universe.’ But 
Aristotle could only say that heavy things tend towards 
the centre of the universe by assuming that centre to be 
identical with the centre of the earth, which is the very 
proposition ho undertakes to prove.® 

Put symbolically, the hysteron proteroii takes either the 
form S isfi, Sis P, Sis P ; or S is P, S is S, S is P, An 
examination of the latter shows that whenever a definition 
is used as a premise in an argument meant to be demonstra- 
tive, the question is begged ; and this Aristotle distinctly 
points out. For if we argue — ‘ Every rectilinear three-sided 
ngure has its angles equal to two right angles. Every tri- 


* Tfitory of Thought^ p. 2S4. 
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angle is a rectilinear three-sided figure, Therefore, every 
triangle has its angles equal to two right angles,’ there is 
no proof. The major premise assumes the very point to be 
proved, for the minor premise does nothing but tell us how 
such a figui*e is named. Of course, such a use of a dlafini- 
tion is permissible in popular explanations, though the form 
may be the same as the above ; for when no demonstration 
is oflE^ed, no begging of the question is possible. 

The circulue in demonstrando or reasoning m a circle is 
when the assumption of the conclusion as a premise is 
separated l)y a greater or less interval from its statement 
as a conclusion. It may be symbolically expressed thus — 
M is P, S is Af, .•. S is P \ S is P, M is 5, M is P. Of this 
Whately gives a good example : Some mechanicians 
attempt to prove, (what they ought to lay down as a pro- 
bable but doubtful hypothesis), that every particle of 
matter gravitates equally ; ‘ Why ? ’ ‘ Because those bodies 
wliich contain more particles ever gravitate more strongly, 
i,e. are heavier : ‘ But (it may be urged) those which are 
heaviest are not always more bulky * j ‘ No, but still they 
contain more particles, though more closely condensed ’ ; 

‘ How do you know tliat ? ’ ‘ Because they are heavier ' *. 

‘ How does tliat prove it ? ’ ‘ Because all particles of matter 
gravitating equally, that mass which is specifically the 
lieavier must needs have the more of them in the same 
space.’ ” ^ 

The second mode of committing petitio principii is when 
a universal which involves the particular proposition* to be 
proved is assumed. Here there is no formal syllogistic 
fallacy. The argument takes the form of a valid syllogism 
in Barbara.^ But it is an offence against the principles of 
Method, as the proposition assumed is one which needs 
proof quite as much as that which is inferred from it. 
This is the most accurate sense in which the term petitio 
principii is applied. A principivMy as was said above, was 
a self evident truth ; and the true petitio principii was the 
assumption of some proposition of inferior rank as such 
a principle. Some such truths must be accepted as not 
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requiring proof, or all proof would be impossible, as there 
would be no starting point for the process. The fallacy in 
this form is, then, not committed whenever a proposition is 
assumed without proof, but when the pro^)osition thus 
assumed is one which needs just the same kind of proof, 
bearing on just the same point, as the proposition which is 
to be deduced from it. “ Sound probation,*’ says Davis, 
“ must depart from such principles as are either imme- 
diately given as ultimate, or mediately admit of proof from 
other sources than the proposition itself in question.”’ 
As examples of this form of the fallacy we may give : ‘ His 
cowardice may be inferred from his cruelty, for all cniel 
men are cowards ’ ; ‘ A table of logarithms must be enter- 
taining, for all books are so.’ A striking example is found 
in the First Chapter of Mr. Spencer’s Education. After 
stating that “ acquirement of every kind has two values — 
value as knowledge and value as discipline,^* Mr. Spencer 
goes on to discuss the value of different subjects froni the 
point of view of knowledge. He then turns to the dis- 
ciplinary value of studies, and commences his disquisition 
with the following flagrant petitio : — “ Having found 
what is best for the one end, we have by implication 
found what is best for the other. We may be quite sure 
that the acquirement of those classes of facts which are 
most useful for regulating conduct, involves a mental 
exercise best fitted for strengthening the faculties. It 
would be utterly contrary to the beautiful economy, of 
Nature, if one kind of culture were needed for the gain- 
ing of information and another kind were needed as a 
ihental gymnastic.” 

It is this mode of the fallacy which is referred to when 
it is said that the syllogism is a petitio principii.^ 

The other modes of petitio principii are not of much im- 
portance. The third mode — of assuming the particular to 
prove the universal which involves it — is of the nature of 
a generalisation from simple enumeration. Aristotle him- 
self seems to be guilty of this when he maintains that 
slavery is in accord with natural law, on the ground that 
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the neighbouring barbarians, being inferior in intellect, are 
the bom bondsmen of the Q-reeks.'* * 

The fourth mode is onlj a variety of the first. Thus, to 
take Aristotle’s example, when, in trying to show that the 
healing art is knowledge of what is wliolesome and un- 
wholesome, it is succes 0 ively assumed to be the knowledge 
of each. 

ThUs^ fifth mode is when a proposition which is in reci- 
^ocaJ relation to another proposition is assumed as a 
means of proving the latter. Aristotle’s example is the 
assumption that the side of a square is incommensurable 
with the diagonal when the proposition to be proved is 
that the diagonal is incommensurable with the side. Other 
examples are: London is north of Brighton, therefore, 
Brighton is south of London; Philip was the father of 
Alexander, therefoi*e, Alexander was the son of Philip; 
* Everywhere the light of life and truth was lacking, for 
darkness covered the earth, and gross darkness the people.’ 
In all these cases we have obviously no passage of thought; 
it is the same judgment which is expressed in different 
words ; nor does the new expression unfold any meaning 
which was previously implicit. 

2. Ignoratio Elencbi. — By an elenchm — i.e. a refuta- 
tion — Aristotle meant a syllogism with a conclusion con- 
tradict<Jry of the thesis to be refuted. The ignoratio 
*elein6%i was then applicable only to disputation, and con- 
sisted in arguiug beside the mark, in answering to the 
wrong point, in establishing a proposition which did not 
overthrow the original thesis. But the scope of the fallacy 
may well be extended — as it usually is by modem logicians 
— to include all cases in which instead of the required con- 
clusion, a proposition which may be mistaken for it is 
established. This might appropriately be called ignoratio 
or mtUatio conclmionis. In every case the error consists in 
proving the wrong point. It is thus a violation of the 
most general rule of method — ^to be clear as to the pur- 
pose. As an example of ignoratio elenchi we may take 
• 

1 Davis, op, cit,y p. 289. See Aristotle, PolUica, i. 2. 
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the common argument against a classical education that 
** throughout his after career, a boy, in nine cases out of 
ten, applies his Latin and Gireek to no practical pur- 
poses.”^ This is to ignore the fact that the advocates of 
a classical education do not claim that Latin and Greek 
are of direct use in practical life. What they do urge is 
that the study of the classics furnishes an unrivalled 
mental training ; and it is to the disproof of this proposi- 
tion that a true elenchus must be addressed. 

No fallacy is more common or moi*e easily committed 
tlian ignorafio. Anyone who has had experience of dis- 
putations and debates knows how constantly recurrent is 
the tendency to wander from the real point at issue, espe- 
cially when the subject under discussion is a wide one, and 
how necessary it is for a speaker occasionally to begin his 
remarks by reminding the disputants what the question 
under discussion really is. This tendency must be guarded 
against especially when any practically important results 
how from the conclusion reached. Tims, as De Morgan 
tells us : ‘‘ The pleadings in our courts of law, previous to 
trial, are intended to produce, out of the varieties of 
statement made by parties, the iml points at issue, so that 
the defence may not be igtioratio elenchU nor the case the 
counter fallacy . . . ignomtio conclusionis. If a man were 
to sue another for debt, for goods sold and delivered, and 
if the defendant were to reply that he had paid for the. 
goods funiished, and plaintiff were to rejoin that he eould 
find no record of that payment in his books, the fallacy 
would be palpably committed. The rejoinder, supposed 
tiue, shows that either defendant has not paid, or plaintiff 
keeps negligent accounts ; and is a dilemma, one horn of 
which only conti’adicts the defence. It is plaintiff's busi- 
ness to ptbve the sale from what is in his books, not the 
absence of payment from what is not, and it is then de- 
fendant’s business to prove the payment by his vouchers.”'* 

This leads on to that form of the fallacy whidi consists 
in throwing the burden of proof on the wrong side. Proof 
of an assertion should generally be given by the person 

, * Spenobr, EducoUion, Ch. 1. * Op* ciL, p. 260. 
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who makes that assertion, and to endeavour to transfer to 
on opponent the task of proving the negative of that 
assertion is an ignoratio elenchu It is often said that it 
is difficult, if not impossible, to prove a negative. And 
this is tnie so long as the negative is a bare denial. But 
the establishment of every positive proposition proves a 
number of negatives. If, then, the number of possible 
alternatives are few, the proof of any one of them ne- 
gates all the others. This principle is adopted in law. 
“ For instance, a homicide, as such, is considered by the 
law as a murderer unless, failing justification, he can prove 
he had no malice. , . . The case stands thus : — the alter- 
natives are few, so that proving the negative of one, which 
the accused is called on to do, can he done by proving the 
affirmative one out of a small number. There is but 
malice, heat of blood, misadventure, insanity, etc., to which 
tlie. action can be referred. Of these few things it is easier 
for the accused to establish some one out of several, above 
all when motive is in question (of which only himself can 
be in possession of the most perfect knowledge), than it is 
for the prosecutor to establish a particular one. Another 
principle on which he is called on to establish a negative 
(or rather another positive) is that the bui’den of proof 
fairly lies on the one to whom it will be by much the 
easiest.”^ 

' One form of the fallacy is to confuse objections against 
the thesis proposed with its disproof. Especially ts this 
likely to be committed when the question at issue is some 
proposed change, say in the law. Against most reforms 
some objections can be urged, but to treat these as neces- 
sarily fatal is an ignoratio elenchi ; the point to be estab- 
lished is that those objections outweigh the reasons for the 
proposed change, and simply to point out their existence is 
entirely beside the mark. One common specimen of this 
form of the fallacy is to object to a certain conclusion as 
te nding to establish a position deemed undesirable. Here 
we have what De Morgan calls ** the great fallacy of all, ^e 
determination to have a particular conclusion, and to find 


1 De Morgan, ibid*, p. 261. 
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arguments for it,” ^ coming into play. The conclusion being 
fore-ordained, all arguments which make against it are 
refused a hearing. 

Another form of the fallacy is to prove, or disprove, part 
of what is required, and to dwell on that to the exclusion 
of the remainder. Thus, if one disputant supports a coli% 
elusion by weak arguments, hi^ opponent may confine 
himself to showing the weakness of his arguments, and 
leave his readers or hearers to infer that, consequently, the 
conclusion drawn from those arguments is false. The 
handle thus given to the enemy should be a warning 
against the practice of urging b^ arguments in support 
of a good cause. 

A more extreme case of the same mode of committing 
the fallacy is the taking exception to a mere illustration or 
part of ail illustration, which has no essential connexion 
with the point in dispute. The very use of illustration at 
all is liable to be an ignoratio elenchi. For an illustrafion 
is intended to make some point of difiiculty clearer and 
easier of comprehension to the hearer or reader. But the 
user of the illustration may mistake the point which will 
need elucidation, and may iUustrat/e the wrong point. And 
there msLV equally be an ignoratio on the part of tile pupil. 
As De Morgan says : “ The greatest difiiculty in the way 
of learners is not knowing exactly in what their difficulty 
consists and they are apt to think that when something is 
made clear, it must be the something.”^ And he rightly 
goes on to point out the danger incident to the use of con- 
crete examples in the study of the rules of formal infer- 
ence. If the student receives help from an example 
stated both in matter and form, the odds are that the 
help is derived from the plainness of the matter, and 
from his dbnviction of the matter of the conclusion. . . . 
The right perception may, no doubt, be acquired by 
reflection on instances; but the minds which are b^t 
satisfied by material instances are also those which give 
themselves no further trouble.” ’ The use of illustrations 
is also liable to the fallacy in another way — ^the person 
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to whom an illustration is ad<lresse(^l maj not see the 
analog of the matter. 

One common and most objectionahle form of ignoratio 
elenchi is summed up in the advice to counsel : ‘ No case ; 
abuse the plaintiff’s attorney.’ Discussions, especially on 
subjects of real practical importance, such as politics and 
r^igion, are not usually conducted entirely in cold blood. 
Prejudice and even bad faith lead members of one party 
to attribute all kinds of base motives to their o|)pononts, 
and to discount all the statements they make. “ The testi- 
mony is, in the receiver’s mind, of a low order ; the pro- 
poser is a radical, and the receiver is of opinion that a 
radical would pick a pocket : or else, perhaps, the proposer 
is a tory, and the i-eceiver is of the belief that a tory must 
have picked a pocket.” ‘ But it must be remembered that 
abuse is not argument, and that to prove any amount of 
ill conduct against the proposers of a certain measure or 
the maintainors of a certain proposition will not prove the 
measure unwise or the proposition untrue. 

Closely allied to this form of the iallacy is the argumen- 
turn ad honiincm, or the tu quoqne — you’re another — style 
of argument. All recrimination, all charges of inconsis- 
tency, are of this character, unless indeed the very point 
in dispute is personal character or (Huisistency. But when 
a statesman brings forward a certain measure it is no 
objection to that measure to point out that he has hitherto 
opposed it. Very often, indeed, when a disputant ti^es to 
turn his opponent’s former arguments against himself, it 
is not, as De Morgan says, “ absolutely the same argu- 
ment which is turned against the proposer but one which 
is asserted to be like it, or parallel to it. But parallel 
cases are dangerous things, liable to be parallel in imma- 
terial points, and diverge in matorial ones.”* 

A sub-form of this speck's of the fallacy is the argumen- 
tvm ad haculum. As Mr. Stock remarks *. “ To knock a 
man down when he differs from you in opinion may prove 
your strength, but hardly your logic.”® 

* Dei*Morgan, ibid., p. 203 * Ibid., p. 265. 

* D^wtive Logic, p. 313. 
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Another form of igmwatio is the argwnentnm ad popu- 
him, or appeal to popular passion or prejudice. The 
following ‘ argument * against a liteiury education appears 
to us to bo a striking instance : “ When a mother is 
mourning over a fii st-born that has sunk uinler the sequelte 
of scarlet-fever — when perhaps a C4indid medical man has 
confirmed her suspicion that her child wbuld have re- 
covered had not its system been enfeebled by over-study — 
wlien she is prostrate under the pangs of combined grief 
and remorse ; it is but small consolation that she can road 
Dante in the original.”^ 

Closely allied to this is the argtimenium ad ignordntiam, 
wliich consists in trusting that the ignorance of the hearer 
will load io the acceptance as proved of statements which 
are hy no means proved. And this is frequently allied 
with the argumentum ad verecundiam or appeal to a re- 
spected authority. ‘ You should accept this conclusion, or 
advocate tliis measure, liecause so-and-so supports it ’ is an 
ignoratio elenchi not infrequently heard in political life. 
This also involves a fallacy of illicit generalisation.* Undue 
respect for authority leading to a neglect to examine the 
evidence for and against a given pi*oposition is not a state 
of mind favourable to the detection of fallacy. 

3. Ifon sequitnr or Non propter hoc. — ^This fallacy 
is committed whenever the conclusion is not a necessary 
consequence of the premises. Both the premises and the 
conclusion may be granted, and yet the derivation of the 
one from the other denied. Or the premises may be 
acwepted, and the conclusion ostensibly drawn from them 
reje(ded. If one wishes to refute a proposition by showing 
that it leads to absurd results, and one includes it as a 
premise’^mong others, then though the conclusion drawn 
from their combination may be absurd or impossible it 
does not follow that the absurdity or impossibility is due 
to that one particular premise. If it be argued that the 
incimse of schools has been evil, and for proof it be 
pointed out that official returns show a continuous increase 

* See pp. 461*-4e6, 
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of crime we have an obvious non~8equitui\ For it may be 
retorted that there are many antecedent conditions besides 
the increase of schooling, and that increase of crime may 
with more probability be traced to them; or that the 
increase is only apparent and is really proof of better 
administration of the law rather than of its more frequent 
violation. 

In the first case distinguished there is not a true syllo- 
gism but really four terms, for were the syllogism a good 
one the conclusion must be granted if the premises be 
accepted. This is the position of Aristotle. In the Ana- 
lytica Priora he says; “The most obvious case of the 
irrelevance of the thesis to the conclusion is when the 
thesis is not connected by any middle term with the con- 
clusion.’*^ It thus appears that this fallacy involves, at 
any rate in some instances, the formal syllogistic fallacy 
of four terms. But when it is considered generally, its 
essential connexion with proof by rechictio ad impossihile 
classes it more appropriately as a fallacy incident to method. 

In the second case the presence of the fallacy may be 
detected by trying whether the premise in question can be 
omitted without interrupting the sequence of the argument. 
But it must be remembered that the superfluous premise 
may have been tacitly assumed, as in the example Aristotle 
gives; “Wo assume that the opposite of destruction is 
generation ; therefore, the opposite of a particular destruc- 
tion is a particular generation ; but death is a partidfular 
destruction and its opposite is life ; therefore life is gene- 
ration, and to live is to be generated. This is absurd. 
Therefore life and soul are not identical.” Here the premise 
assumed is that * Life and soul are identical.’ The premise 
tacitly assumed must be made explicit before it can be seen 
whether the absurdity of the conclusion is really due to it 
and to it alone. 

A common example of a non-seguitur is when an opponent 
of some suggested reform objects that “ it may be good in 
theory but is bad in practice.^’ If we grant the conclusion 
as true yet the badness in practice does not follow from the 
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goodness in theory. It is assumed that theory and practice 
are iiioompatible — which is absurd. The badness of the 
practice results from the inadequacy — and therefore, bad- 
ness — of the theory, from the incompetence of the prac- 
titioner, or from interferences from without which prevent 
tlie practice being a real example of the theory. Political 
speeches afford a happy hunting-ground for the seeker 
after this, and every other, kind of fallacy. When an 
oration is self-destructive we may be said to have a very 
real non-ecquitur, for as the premises annihilate each other 
there is nothing left from which a conclusion can be drawn. 

The reader may be interested in comparing the following 
propositions from one and the same speech recently made 
in tlie House of Commons by Mr. Asquith ^ : 

“ The House of Lords has long ceased to have any real 
control over policy and administration. . . . 

** Then followed the four years, 1906-1909. . . . During 
those years . . . the House of Lords resolutely opposed 
and successfully defeated the principal controversial 
measures passed by the largest majorities in the annals of 
the House of Commons. The climax was reached in the 
autumn of 1909 when the House of Lords rejected the 
finances of the year. . . . 

“ If that precedent had been allowed to stand the Lords 
could always, as they did then, by destroying the finance 
of the year, compel the Government of the day to resign 
office or to appeal by dissolution to the electorate.’^ 

The remarkable thing is not that such self-contradictory 
positions should be taken in the course of a speech of some 
length, but that neither friends nor foes seemed aware of 
the logical character of the argument addressed to them. 

« ^ llrporU'd in * 21ie IHmes,' February 22, 1911. 



CHAPTER XVII. 

GENEBAIi NATURE OF SYLLOGISM. 

1. Definition of Syllogism. 

A Syllogism is an inference in wRicli, from two 
propositions, which contain a common element, and 
one, at least, of which is universal, a new proposition 
is derived, which is not merely the sum of the two 
first, and whose truth follows from theirs as a neces- 
sary conseqtuence. 

The word Syllogism may be considered as retaining its 
strict etymological meaning — ‘ a collecting together ’ — and 
as implying that the elements of a syllogism are thouglit 
together. The word thus emphasises the fact that a syllo- 
gistic inference is one indivisible act of thought. 

As one of the propositions given as data must be uni- 
versal, every syllogism is an inference from the general ; 
in many cases it is an argument from the general to the 
particular or individual. Syllogism is the one means by 
which a general principle can be applied to specific in- 
stances; and in no case can the derived proposition be 
more general than those from which it is drawn. 

The whole force of a syllogism depends upon the neces- 
sity with which the inferred proposition follows from those 
given as data, and this necessity must be evident from the 
mere form of the argument. 

The matter of a syllogism is given in its terms, which 
vary according to the subject to which the argument refers. 
Its form consists in that relation of the terms by which 
they are i^ited in two propositions necessitating a certain 
conclusion. Syllogistic inference is, thus, purmy formal, 
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and can, consequently, be entirely represented by symbols. 
We are concerned in a syllogism, not with the truth or 
falsity of either of the individual propositions which com- 
pose it but, simply with the dependence of one of them 
upon the other two, so that, if we grant the latter, we, of 
necessity, accept the former. The derived proposition, 
therefore, propounds no truth which was not contained in 
the data. But this is no objection to the syllogism as a 
process of inference ; it is, indeed, a necessity if that pro- 
cess is to be wholly regulated — as we shall show in the 
next chapter that it is — by the Laws of Thought. 

If the given data are objectively true, the proposition 
inferred from them must also be true ; but, if the given 
data are objectively false, it may accidentally happen that 
the derived proposition is true in fact. This is, however, a 
mera coincidence; its truth is known from other sources, 
and is not established by the syllogism. For example, 
from the data 

Lions are herbivorous 

Cows are lions 

we derive the proposition Cows are herbivorous, which is 
true, but whose truth cannot be held to be a consequence 
of the given data, which are both false. 

It is essential that the propositions wliich form the data 
should have a common element, as, otherwise, they would 
have no bond of connexion with each other, and, conse- 
quently, no third proposition could be drawn from their 
conjunction. But this common element does not appear 
in the derived judgment, which is an assertion connecting 
the remaining elements of the syllogism. 

The Elements of a Syllogism are the propositions and 
terms wlpch compose it. ‘ Terms * is here used widely to 
cover, not only the true terms of categorical propositions, 
but also the propositions which form the antecedents and 
consequents of hypothetical propositions. The three pro- 
positions which compose a syllogism are called its Proxi- 
mate Matter, and the terms (in the wide sense just noted) 
which are united in those propositions are styled, its "Remote 
Matter, The derived proposition is the Conclusion of the 
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syllogism, and the two propositions from which it is derived 
are the Premises. 

These names are applicable when the syllogism is stated 
in the ordinary and strictly logical form, in which the 
premises precede the conclusion — as when we say ' Every- 
thing which tends to reduce the supply of any article tends 
to raise its price ; Protective Duties tend to reduce the supply 
of those articles on which they are imposed; therefore. 
Protective Duties tend to raise the price of those articles 
on which they are imposed.* But, when the conclusion is 
put forward first, as a thesis to be proved, it was called by 
the old logicians the Question^ and the proposilions which 
establish it, and which are then introduced by ‘ beciuise,* 
or some other causal conjunction, were termed the Reason. 
In this form, the syllogism given above would read — ‘ Pro- 
tective Duties tend to raise the price of those articles on 
which they are imposed, because they tend to reduce the sup- 
ply of those articles ; and everything which tends to reduce 
the supply of an article tends to raise its price.* These 
latter terms are, however, but little used by modern writers. 

The element common to the two premises is called the 
Middle Term, and is most conveniently symbolised by M ; 
while the other two terms are styled the Extremes. Dis- 
tinguishing l)etween the extremes, that wliich is the pre- 
dicate of the conclusion is called the Major Term, and 
majr be expressed by the symbol P] that which is the 
subject of tne conclusion is named the Minor Term, and is 
appropriately represented by 5. The premise in which the 
major and middle terms occur is known as the Major 
Premise', that in which the minor and middle terms are 
found is called the Minor Premise. The order in which 
the premises are stated is, of course, of no consequence so 
far as the validity of the argument is concerned ; but, as 
the relation oE the propositions is most clearly expressed 
by stating the major premise first, that order must be 
regarded as the legitimate lo^cal form of a syllogism. 

The use of the words Minor, Middle, and Major to 
denote the terms of a syllogism arose from the considera- 
tion of that form of syllogism in which the conclusion is a 
universal^affirmative proposition, and both whose pi'emises 
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are also universal airii-inatives. Tliis syllogism may be 
symbol is(3(l by 

M aP 
SaM 
S a P 

Here, as the extent oi’ the |)r(‘<li(‘;i,te of an affirmative pro- 
position must be, al. leiisl, as great as, ami is generally 
grtiater than, iliat of tlie subject, it is plain that P must bo 
at l(‘ast as wide as, and is ])r<>l)ab]y wider than, M in extent, 
a-nd similarly with M and 5. Jlene(‘, the oxhmt of M is, in 
most eases, internu‘diato between that of S ami that of P, 
and, in otlnu’ cases, is coiiicident with that- of one, at least, 
of those terms. This relation of extent does not hold in 
all syllogisms and is not essential to the validity of syllo- 
gistic argument. For instance 

M r/ P 
M e S 
S i P 

is a perfectly valid argnment., though S is here greater 
than, or at least as great as, M in extent. Similarly, when 
one of the premises is negative*, this relation of extent is 
not assured. For example, in 

M eP 
_Sa M 
S c P 

the inference is perfectly just whether P bo greater than, 
equal to, or less than, M in ex lent; we cannot tell wliich 
is the case, nor is it material, as the total exclusion of P, 
wdiicli does not depend on its extent relatively to tliat of M, 
is secui' 0 (J. The names Minor, Middle, and Major are not, 
therefore, appr()j>riate in all cases, if they are regarded as 
referring to the extension of tlie terms ; but they are uni- 
versally iiccepted and recognised, and are as convenient as 
any others which could be invented. In another sense, more- 
over, the expression ‘Mitldle Term* is quite appropriate, 
for that term in every syllogism mediates the cjpnclusiou, 
and is the middle bond of union connecting the j)remises. 
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This terminology of Terms and Premises is primarily 
applicable to syllogisms which are entirely composed of 
categorical propositions, but it may be broadly transferred 
to those which consist, wholly or in part, of hypothetical 
or disjunctive propositions. 

2. Kinds of Syllogisms. — As there are difPerent kinds 
of j)ropo6itionH— Categorical, Hypothetical, and Disjunctive 
— all of which cau be used in syllogistic arguments, it 
follows that syllogisms can Ix^ of different kinds, or re- 
lations as it is technically called. 

When both the premises in a syllogism are of the same 
character as regards the relation of the terms — categorical, 
hypothetical, or disjunctive — the syllogism is said to be 
Purey and the conclusion is, in every case, of the same 
relation as the premises. Thus, two categorical premises 
yield a categorical conclusion, two hypothetical premises 
necessitate a hypothetical conclusion, and from two dis- 
junctive premises there follows a disjunctive conclusion. 
TJiere are, therefore, three kinds of pure syllogisms — the 
Categoricaly the Hyjwt helical y and the Disjunctive. 

When the premises are propositions of different relation 
the syllogism is called Mixed. In the first place, the major 
premise may be either hypothetical or disjunctive, and the 
minor categorical. A syllogism in which this order was 
reversed would be impossible, as the minor premise must 
state, in a definite manner, the special case which is to be 
brought under the more general statement of the* major 
premise. This gives two kinds of Mixed Syllogisms — the 
Hypothetical and the Disjunctive. These Hypothetical 
Syllogisms are sometimes called Hypotlietico-Categorical, 
but it is more usual to name a mixed syllogism in accord- 
ance with the relation of the major premise. To avoid 
confusion, we shall always call syllogisms in which all the 
propositions are hypothetical or disjunctive propositions 
Pure Hypothetical and Pure Disjunctive Syllogisms ; while 
those with categorical minor premises and conclusions we 
shall style Mixed Hypothetical and Mixed Disjunctive Syllo- 
gismsy according to the character of the major premise. 

In the second place, the major premise may 1^ hypo- 



202 


GBNBBAL NATUBB OF SYLLOGISM. 


[CH. 17 


thetical and the minor disjunctive. This gives that 
peculiar form of mixed syllogism called the Dilemma, in 
which, according to the number of terms in tlie major pre- 
mise, the conclusion is either categorical or disjunctive. 

We thus get the following table of kinds of syllogisms — 


Syllogisms 


( {a) Categorical. 
(6) Hy^thetical. 
(c) Disjunctive. 

f (a) Hypothetical. 
l2. Mixed- . (6) Disjunctive. 

[(c) Dilemmas. 


The distinction between Pure Hypothetical and Pure 
Disjunctive Syllogisms on the one hand, and Categorical 
Syllogisms on the other is not of as great importance as is 
the distinction between hypothetical, disjunctive, and cate- 
gorical propositions; for, in all cases the force of the 
syllogism depends on the necessity with which the con- 
clusion follows from the premises, and the same rules will 
l>e found to apply to all kinds of Pure Syllogism. But the 
Mixed Syllogisms require somewhat different ireatment. 

We shall, in the next three chapters, confine our atten- 
tion to Pure Syllogisms, working out the details fully with 
categorical syllogisms, and then showing how they can be 
applied to pui-e hypothetical and pure disjunctive syllo- 
gisms. We shall then, in the following chapter, discuss 
Mixed Syllogisms. 



CHAPTER XVIII. 

POSTULATES OF DEDUCTIVE INFERENCE. 

1. Basis of Fare Syllogistic Beasoning. — As syllo- 
gistic reasoning is purely formal, it rests ultimately upon 
the Laws of Thought. The Principle of Identity is the 
basis of every affirmative categorical syllogism, and that 
of Contradiction of every negative categorical syllogism. 
For pure hypothetical syllogisius an additional reference 
is required to the Principle of Sufficient Reason. 

As both the premises of every syllogism contain the 
same middle term each affirmaiive categorical premise 
must state that an element of identity exists between that 
term and one of the extremes, and each negative categorical 
premise must assert a separation between the middle term 
and one of the extremes. If, then, both premises are 
affirmative categoricals, the extremes are connected with 
each other mediately in so far as each is identical with 
the middle term; identity to the same extent is estab- 
lished between them. Of course, if restrictions of quantity 
are introduced into the premises, they limit the identity, 
and the same limitation must appear in the conclusion. 

If, out of two categorical premises, one is negative, then, 
as one extreme is excluded from M, it is excluded from 
everything which is identical with Af, and, therefore, from 
the other extreme; for the other premise must be affir- 
mative, and a term cannot at the same time agree with M 
and with a term which is incompatible with Af. Thus, 
symbolically, if S is Af, and M is not P, then S is not P. 

These principles apply equally to pure syllogisms whose 
premises are hypothetical propositions. But here the pro- 
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position which forms the ‘ middle term * of such a syllogism 
gives the reason why the proposition which forms the 
‘minor term’ is tlie antecedent, whose affirmation is the 
ground for the assertion of the proposition which forms 
the ‘ major term,’ and is, therefore, the consequent of the 
conclusion. Thus, symbolically, from If A, then B; and 
if B, then C, it follows that If A^then C; the ‘Sufficient 
Reason’ being found in the relation of both these extremes 
to B. 

2. The Bictum de omni et nnllo. — Instead of appeal- 
ing directly to tlie simple statements of the Laws of 
Thought, logicians have been accustomed to give various 
axioms — which are more or less expansions of those state- 
ments — as the bases of syllogistic reasoning from cate- 
gorical proposi<i(>ns. 

The most important of these is the Dicttun de omni et 
millo. The scholastic logicians regarded as the perfect 
type of categorical syllogism that in which the middle 
term is the subject of the major premise and the predicate 
of the minor premise — that is, in which the empty schema is 

M P 

S- — P. 

All other forms of syllogism can be reduced to this by 

a plying the various modes of eduction to the premises. 

e validity of such other forms can, therefore, be tested, 
by first reducing them to this standard form, and then 
enquiring whether or not they conform to the general 
axiom which applies directly to this form only. These 
logicians,* therefore, gave one axiom as the fundamental 
principle of syllogistic reasoning. This is the time-honoured 
Dictum de omni et nullot which is, perhaps, most satisfac- 
torily expressed by saying ; 

Whatever is dietribvtivehj predicated, whether affirma- 
tively or negatively, of any class may be predicated in like 
manner of anything which can be asserted to belong to that 
class. 
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This axiom is simply an expanded statement of the 
Principles of Identity and Coutradictioji ; for, to predicate 
anything of a term used distributively is to make the 
same predication of each of the constituent s of the denota- 
tion of that term. 

3. General Bnlea or Canons of Categorical Syl- 
logisms. 

(i) Derivation of Buies from the ‘Dictum/ — The 

Dictum de omni et nullo, as has been said, is directly . 
applicable to syllogisms in whose premises the middle 
term is the subject of the major, and the predicate of tlie 
minor, premise. To all other forms of syllogism it applies 
indirectly through this form. The Dictum may, therefore, 
be taken as the special axiom of all syllogistic inference ; 
and, consequently, all rules which govern such inferences 
must be deducible from it. An examination of tlio Dictum 
will give these in a specific form, corresponding to its own 
direct reference to one fonn only of syllogism; but by 
slight generalisations they c^n be made directly appliea])le 
to all forms of syllogism. Such an examination shows 
that — 

1. The Dictum speaks of three, and of only three, terms. 
There is the ‘ Whatever is predicated ' — which is the major 
terra ; the ‘ class ’ of which it is predicated — the middle 
term ; and the ‘ anything asserted to belong to that class ' 
— the minor term. This gives the rule that a $yllo(jum 
must have three, and only three, terms. 

2. Similai’ly, there are three, but only three, propositions 
contemplated by the Dictum. There is that in which the 
original predication is made of the ‘ class ’ — the major 
premise ; that which declares something ‘ to belong to that 
class * — the minor premise ; and that in which the original 
predication is made of that included something — the 
conclusion. Hence, the rule that a syllogism must consist 
of three, and only three, propositions. 

3 The Dictum says the original predication is made of 
some ‘ cjass.' Now this ‘ class ’ is, as has just been said, 
the middle term, which is directly regarded by the Dictum 
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as the subject of the major premise. Thus, the Dictum 
tells us that in this form of syllogism the middle term 
must be distribuled in the major premise. Generalising 
this, we get the rule that the middle term must he distributed 
in one, at least, of the premises. 

4. The Dictum says the original predication may be made 
of ‘ anything * which can be asserted to belong to the class ; 
therefore, that predication must not be made of a term 
more definite than this * anything.* Hence, if the ‘ anything ’ 
is undistributed in the premise it must be undistributed in 
the conclusion. Similarly, the same predication which is 
made of the ‘ class * in the major premise can be made of 
this * anything ’ in the conclusion ; we are, therefore, not 
justified in making a more definite predication, and hence, if 
this predication is made by means of an undistributed term 
in the predicate of the major premise, it must be made by a 
similarly undistributed term in the predicate of the con- 
clusion. Generalising this, we get the rule that no term 
may he distributed in the conclusion which is not distributed 
in one of the premises. 

6. According to the Dictum the minor premise, in the 
form of syllogism to which it directly refers, must be 
affinnative, for it must declare that something can be 
included in the ‘class* (i.e. in the middle term). This, 
when generalised, gives the rule that one, at least, of the 
premises must be affirmative. 

6. The Dictum recognises the possibility of the original 
predication — that is, the major premise in such a syllogism 
as it directly applies to — being either affirmative or nega- 
tive, and declares that the predication in the conclusion 
must be made ‘ in like manner.’ As, according to 5, the 
minor premise in such a syllogism is always affirmative, it 
follows that when both premises are af£rmative the con- 
clusion is affirmative, and when the major premise is 
negative, then, and only then, the conclusion is negative 
as well. By generalising tUs, we get the rule that. a 
negative premise necessitates a negative conclusion, and 
there carmot be a negative conclusion wiihouJt a negative 
premise. 
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(ii) fixamination of the Buies of the Syllogism. — 

We, thus, get the traditional six general rules, or canons, 
of the syllogisu. Each of these is directly applicable to 
every form of syllogism, and no syllogism is a valid 
inference in which any one of these rules is violated. An 
examination of them shows that the fii^st two relate to the 
nature of a syllogism, the second two to quantity — or dis- 
tribution of terms, and the last two to quality. They may, 
therefore, be summarised thus : 

A. Relating to Nature of Syllogism : 

I. A syllogism must contain three t and only three, 
terms. 

II. A syllogism must consist of three, and only three, 
propositions. 

B. Relating to Quantity: 

III. The middle term must he distributed in one, at 

least, of the premises. 

IV. No term may he distributed in the co7iclusion 

which is not distributed in a premise. 

C. Relating to Quality : 

V. One, at least, of the premises must he affirmative. 

VI. A negative premise necessitates a negative con- 
clusion, and to prove a negative conclusion 
requires a negative premise. 

We will now examine each of these rules in detail. 

Buies I and II. — l^ese are not rules of syllogistic 
inference, but rules for deciding whether or not we have a 
syllogism at all. Rule I forbids all ambiguity in the use 
of the terms employed in the syllogism ; for, if any term 
is used ambi^ously, it is really two terms, ^ and so the 
argument reaUy contains four, instead of three, terms, and 
is not a true syllogism at all, though it may, at first sight, 
appeal* to be one. If there is ambiguity it is most likely 

* ^ ISee pp. 20 ; 00-64* 
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to occur in the case of the middle term, and hence, 
Kule HI is frequently stated with the additional words 
‘and must not he amhipfuous.* But this is unnecessary, 
for Rule I provides against that error, and also against 
a similar fault in connexion with either the major or the 
minor term, which, if not so common, is equally fatal, when 
it does occur, to the validity of the inference. 

A good example of an ainhiguous middle is given by 
De Morgan ' — 

“ All criminal actions ovght to he punished hy law : 

“ Prosecutions for theft are criminal actions ; 

“ Prosecutions for theft ought to he punished hy law. 

“ Here the middle term is doubly ambiguous, both 
criminal and adioii having ditTerent senses in the two 
premises.” If the middle term is not exactly the same in 
botli premises it is eviilent there is no connecting link 
l)etween the major and minor terms. There must be a 
common element, and this must be identical in the two 
premises. Mere resemblance, however close, is not enough ; 
for then S and P might resemble M in different ways, and 
so no cofinexion l)e established between them. 

A giiiu, if 5 or P is used in a different sense in the con- 
clusion from that which it bears in the promise in which 
it occurs, the inference is invalid; for the premises justify 
only i.he predication of that same P which was connected 
in the major premise with Af, of that same S which was 
related in the minor premise to the same Af. 

Of Rule II but little need be said. If there are three 
terms, two of which are to occur in each proposition, and 
the same two in no two propositions, it is evident there 
must 1x5 three, and only three, propositions. The very 
definition of a syllogism secures this rule directly, and 
Rule I indirectly ; for two premises with a common term 
contain evidently three, and only three terms, and the 
conclusion relates the two terms which are not common to 
the two piemises. 


' Formal Logic, pp. 241-242. 
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Rule III. — Tbe violation of this rule is called the 
Fallacy of the Undistributed Middle. It is essential that 
the middle term should be distributed in one, at least, of 
the premises, as only thus can there be any assurance that 
there exists tliat element of identity which is necessary to 
constitute a bond of * connexion between the exti’emes. 
Unless it is certain that the extremes are related to one 
and the same part of the middle term, there can l>e no 
inference as to the. relation in which t lioso extremes stand 
to each other. Now, if only an indefinite reference is 
made to the middle term in each preiiiise, either the same, 
or an entirely different, part of its extent may be, in fact, 
involved in each case. For example, because All English- 
men are Europeans, and All Frenchmen are Europ(^ans, it 
does not follow that All (or any) Frenchmen are English- 
men. In fact, every possible relation between S and P is 
consistent with the two propositions All P is M and All S 
is Mf where M is an undistributed middle t(‘rm. This is 
seen at a glance by a reference to Euler's diagrams, which 
give all the possible objective relations of two classes,^ 
Each of those five figures may be entii*ely enclosed in a 
larger circle representing and in each case P a M and 
S a M will hold true. Thus, it is evident that from two 
such propositions no inference whatever can be drawn as 
to the relation of S and P. Similar ambiguity will be 
found to follow from every other case in which, in a pair of 
propositions, M is not once distributed. 

As, then, we have no security when Af is undistributed 
that there is any bond of connexion between S and P, we 
can draw n'.- inference concerning the relation of those two 
terms. For formal inference can depend only upon that 
bare minimum of assertion which the premises must Ix) 
held tQ‘ make unconditionally ; and, therefore, as it is for- 
mally possible that the same part of M is not referred to 
in both premises, we must not assume that it is so referred 
to in a^y particular case. Only, then, by securing the 
whole of the middle term in one premise can we be for- 
mally certain that there is an identical element in both 


I.L. 


» Cf. p. 117. 
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premisoB. And, though the middle term may T?e dis- 
tributed in both premises, yet a single distribution is 
sufficient to secure this. For, if the whole extent of M is 
related to one of the extremes, no matter what part of M is 
related to the other extreme, it must be identical with 
some at least of the M referred to m the former case. 

Of course it is the identical part of M which is the ground 
of the inference. The rule of distribution is only a formal 
safeguard that such a common bond of reference is 
present. 

Kule IV. — The violation of this rule is called Illicit 
Process. If the minor term is distributed in the conclu- 
sion and not in the minor premise, we have the Fallacy oj 
Illicit Process of the Minor Term ; if the same unwarranted 
treatment is accorded to the major term, it gives rise to 
the Fallacy of Illicit Process of the Major Term. As the 
conclusion must follow necessarily from the premises, we 
can never be justified in making a predication about a 
definite All S when the minor premise only refers to Some 
5. For, if merely an indefinite part of S is stated to be 
related to Af, that statement can give us no right to trace, 
through Mf a connexion between P and all S. Because all 
criminals are deserving of punishment, and some English- 
men are criminals, it does not foUow that all Englishmen 
are deserving of punishment. The conclusion must be no 
more definite than the premises warrant. And the same 
holds of the major term. We are justified in relating the 
whole of P to S only when the whole of P has been 
previously related to M in the major premise. 

It will be noticed that we can only use P universally in 
the conclusion when that conclusion is negative, for P is 
always its predicate, and the predicate of an affirmative 
proposition is always undistributed. In this case, thare- 
lore, one of the premises must be negative (Eule VI). If 
tiiat premise be the minor, then P must be the subject of 
the major premise, which must be an A proposition ; but' 
if the negative premise be the major, P may always be ith 
predicate, though it can be its subject only when it is 
univers^. In every other case, if P is distrihfited in the 
oonclusion, we have lUicit Process of the Major. For 
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example, if we argue from * All iishes are oTiparous/ and 
* No birds are ^sbcs,’ to * No bir<l8 are oyipayoiis,* our in- 
ference is invalid. In this case, as in most such cases, the 
conclusion''is also false in fact. But even were it true in 
fact it would not be a .valid inference from the premises ; 
its truth would not be a result of their truth, but would 
be an accidental coincidence and known only ilu'ough some 
other source. For instance, ‘All fislies are cold-blooded, 
No whales are fishes, therefore No whales are cold-blooded* 
is exactly as invalid an inference as the one just considered, 
though the proposition given as its ‘ conclusion ’ is ob- 
jectively true. For there is nothing in the premises to 
deny to whales the attribute ‘cold-blooded,* as will bo 
seen by substituting the word ‘ snakes ’ for ‘ whales,’ when 
the * conclusion * becomes false in fact. Thus, no conclu- 
sion is justified in which any term is distributed which is 
undistributed in the premise in which it occurs. The 
violation of this rule may be compared with the simple 
conversion of an ▲ proposition, a process which has b^n 
already shown to be illicit.* 

Rule V. — From two negative premises no conclusion can 
be drawn; for, from mere negation of relation no stabs 
ment of relation can be deduct. It is only when one oi 
the extremes is connected with the middle term, that we 
can, through that connexion, infer its agreement with, or 
separation from, the other extreme. For, if both S and P 
are declared to be separated from M, there is, clearly, no 
bond of union to connect them with each other. They may, 
or may not, be related in fact ; but whatever relation they 
hold, it is impossible to infer it from the negation of rela- 
tion with the common element which is contained in the 
premises. Compare, for instance, the pairs of negative 
propositions : ‘ No cows are carnivorous — No sheep are 
carnivorous * ; ‘No men are immortal — No negroes are 
immoital/ In the first case the minor term is, in fact, 
wholly excluded from, and, in the second case, wholly in- 
eluded in, the major term ; but neither the exclusion nor 
the inclusion can be deduced from the premises, which 

^ Bsepp. 
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simply separate both the classes represented by tha major 
and iniuor terms from the common attribute expressed by 
the middle term ; and premises identical in form must, 
if they give any conclusion, always give one of the same 
form. 

That from two negative premises no conclusion can be 
derived has been questioned. For example Jevons wrote : 
“The old rule informed us that from two negative 
premises no conclusion cuuld be drawn, but it is a fact that 
thii rule in this bare form does not hold universally true ; 
and I am not aware that any precise explanation has been 
given of the conditions under which it is or is not impera- 
tive. Consider the following example — 

“ Whatever is not metallic is not capable of powerful 
magnetic influence ; 

“ Carbon is not metallic ; 

“ ,*. Carbon is not capable of powerful magnetic influence. 

“ Hei*e we have two distinctly negative premises, and yet 
they yield a perfectly valid negative conclusion. The 
syllogistic rule is actually falsified in its bare and general 
statement.’*^ 

Expressed symbolically this argument is 

No non-M is P 
S is not M 
/. S is not P ; 

where we have, apparently, four terms, S, P, M, and non-M, 
But, if we examine the argimient more closely, we shall see 
that what the minor premise really asserts is that S is 
included in those things of which P is denied, i.e, the 
non-M's, Hence, the middle term is really non-M, and it 
is this which is predicated affimmtively of S in the minor 
premise. We r^uce the above argument, therefore, to a 
syllogism by obverting the minor premise, when we get 

MeP 
5 a /If 
.\S/eP 

^ PrincipUa qf ^Science, 2nd £d., p. 63. 



§ 8 ] BULES OP SYLLOGISM. 213 

which is perfectly valid and in which Bnle V is observed, 
as the minor premise is affirmative. 

In the following example there is also an appai’ent infe- 
rence from two negatives — 

Jones is not over six feet tall ; 

Jones is not under six feet tall; 

Jones is six feet tall. 

But the inference is really from the implied disjunctive 
major, Everyone is either six feet, over sixfeeU or under six 
feet tall. The two premises given are really the minor, 
Jones is neither over nor under six feet. 

Bnle VI.*— If one premise is negative, the other must, 
by Rule V, be affirmative. Hence, the two extremes are 
related to the middle term in opposite ways. Now, if two 
terms agree with each other, they must, necessarily, stand 
in the same relation to any third term. If, then, the rela- 
tions of S and P respectively to M are not the same, but 
contradictory, relations, S and P cannot agree with each 
other. We reach the same result in a slightly different 
way by considering that, in so far as anything agrees with 
M, it must be separated from everything from which M is 
separated. If, then, one premise declares the agreement of 
one extreme with M, and the other premise asserts the 
incompatibility with M of the other extreme, those extremes 
must be inferred to l)e incompatible with each other. 
Hence, a negative premise involves a negative conclusion. 

And the converse of this is also true. The non-agree- 
ment of S and P with each other must follow from the fact 
that one agrees with, and the other is separated, wholly or 
in part, from M. For, if they both agreed with M, they 
would agree with each other. Therefore, a negative con- 
clusion can only be inferred when one of the premises is 
negative. 

(iii) Corollaries from the Buies of the Syllogism. — 

Though the four rules of syllogistic inference (Buies III- 
YI) are not equally fundamental, yet all are so far inde- 
pendent t^at are necessary for the immediate detection 
of invalidity in syllogistic inference; and for this purpose 
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th^ are sufficient* There are, however, three corollaries 
from these rules which, though not absolutely requisite for 
the detection of syllogistic fallacy, are useful for that 
pui-pose. It was long customary to give the- first two of 
those as independent rules of syllogism. They are — 

1 . From two particular premises nothing can he inferred, 

2. If one premise is jyarticular the conclusion must he 

2 )articnlar. 

3. From a part icular m ajor and a negativeminor nothing 

can he inferred. 

We will now show in detail how each of these can be 
deduced from the rules already given. 

Cor. 1. This may be established by an examination of 
each of the possible combinations of particular premises — 

In every valid syllogism the premises must contain one 
distributed term more than the conclusion. For if any 
term is distributed in the conclusion it must also he dis- 
tributed in the premise in which it occurs, and, in addition 
to this, the middle term must be distributed once, at least, 
in the premises. From this it follows that no conclusion 
can be drawn from two particular premises. For, if they 
are both O propositions, by Rule V nothing can be in- 
ferred, If they are both I they contain no distributed 
tenn at all and, thus, break Rule III. If one is I and the 
other is O then the conclusion must be negative (Rule 
VI), and, consequently, it distributes the major term. 
But Z and O distribute onl}" one term between them, 
and, therefore, cannot distribute both the major and the 
middle terms. Hence, nothing can be inferred, for to 
draw a conclusion would be to break either Rule III or 
Rule IV. 

Cor. 2. That a particular premise necessitates a particu- 
lar conclusion may be thus proved — 

If both premises are affirmative and one particular, they 
can, between them, distribute only one term, which must 
be the middle term (Rule III). Hence, both the extreme 
terms are imdistributed in the premises, and, consequently^ 
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must be undistributed in the conclusion (Buie IV) — that 

is, the conclusion must be particidar affirmatiYe. 

If, however, in such a syllogism, one premise is negative, 
it distributes its predicate, and the premises, therefore, 
contain between them two, but only two, distributed terms. 
One of these must be the middle term (Rule III). Hence, 
only one distributed term can enter the conclusion (Rule 
IV). But the conclusion must be negative (Rule VI), and 

it, therefore, distributes the major term, which must, con- 
sequently, be the second distributed term in the premises 
(Rule IV). The minor term is, therefore, undistributed 
in the premises and must l)e undistributed in the conclu- 
sion — that is, the conclusion must be i)articular negative. 

As both premises cannot be negative (Rule V), these are 
the only possible cases. 

Gor. 3. That nothing can be inferred from a particular 
major and a negative minor may thus be proved — 

As both premises cannot be negative the major is affir- 
mative particular (I), and distributes neither of its terms. 
The major term, therefore, cannot bo distributed in the 
conclusion (Rule IV). But, as one promise is negative, the 
conclusion must be negative. Therefore, the major term 
must bo distributed in the conclusion. This contradiction 
shows that no valid inference can be made. 

4. Application of the Buies to Pure Kypothetioal 
and Pure Disjunctive Syllogisms. ^ 

(i) Pure Hypothetical Syllogisms. — Since hypothe- 
tical propositions admit of the same distinctions of quality 
and quantity as categorical propositions, there can be 
forms of pure hypothetical syllogisms corresponding to 
every form of categorical syllogism. Hence, all the rules 
given above apply to pure hypothetical syllogisms. The 
denotative, or conditional, forms bear a closer analogy to 
the ordinary quantified forms of the categorical syllogism 
than do the pure abstract hypothetical forms, and the 
application of the rules is more clearly seen when those 
quantified forms are considered. The ‘terms' here are, 
however, propositions — ^the consequent of Ihe conclusion 
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corresponding to the major term of a categorical syllogism, 
the antecedent of the conclusion to the minor term, and 
the element wliich appears only in the premises to the 
middle term. 

In considering the distribution of these ‘ terms * it must 
be rememl)ered that, as ‘ always,’ * never,* ‘ sometimes,’ 
‘ sometimes not,* in conditional propositions correspond 
to ‘all,* ‘no,’ ‘some,’ ‘some not,’ in categorical proposi- 
iJons, these words indicate the quantity of the antecedent. 
The quantity of the consequent must be determined by 
the same rule which dtKudes the quantity of the predicate 
of a categorical proposition. That is to say, the conse- 
quent of a negative conditional proposition is distributed, 
and that of an affirmative conditional is undistributed. 
For example. If any S is M then always iJiat S is P does 
not dist>ribute the proposition that S is P ‘, for it neither 
states nor implies tliat the only possible condition of S 
l>eing P is that it should be M — it is (juite possible that 
S P under many other conditions, as when it is N or 
Q or X. In short, the distribution of tlie ‘ terms ’ in a 
pure hypothetical syllogism must not be determined by a 
reference to those terms by themselves and out of con- 
nexion with their context, any more than in a categorical 
syllogism. 

(ii) Pure Disjunctive Syllogisms.— Since disjunctive 
propositions are all affirmative, the syllogistic rules (V and 
VI) relating to quality do not apply. The rule for secur- 
ing the distribution of the middle term (III) can only be 
fulfilled when one of the alternatives in the minor premise 
is the negative of one of those in the major premise. 
This will be more fully considered in the next chapter,^ 

, » See p. 233 
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FiaUBE AND MOOD. 


1. Distinctions of Figure. 

Figure is the form of a syllogism as determined hy 
the position of the middle term in the two premises. 

If account be bikeii of the premises alone, so that it is 
immaterial which of the extreme tenns is the subject, and 
which the predicate, of the conclusion, only three figures 
are possible. For M must either be (1) subject in one pre- 
mise and predicate in the other, (2) predicate in both, or 
(3) subject in both. If, however, it is determined which 
term shall be the subject, and which the predicate, of the 
conclusion, tin* distinction of major and minor is intro- 
duced into the premises. Ilie first alternative now l>ecomeR 
two-fold, according as M is subject in the major and pre- 
dicate in the minor premise, or prediciite in the major and 
subject in the minor. 

There are thus four possible Figures of syllogism — 

First Figure : M is subject in major, and predicate in 
minor, premise. 

Second Figure: M is predicate in each premise.^ 

Third Figure : M is subject in each premise. 

Fourth Figure : M is predicate in major, and sabject 
in minor, premise. 


The empty forms of syllogisms arranged in Figures, and 
with the premises written in the usual order of major firsts 
are, therefore — 

Fia. I. Fig. II. Fig. III. Fig. IT. 


M P P M 

S — -M S M 

/. S P . ,S P 
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It should be noted that the distinction between the First 
and Fourth Figures in no way depends upon the order 
in which the promises are wrilten, but upon the distinc- 
tion between major and minor premise, which is due to 
the predetermined order of the terms in the conclusion. 

Only the first three Figures were recognised by Aristotle. 
The Fourth was added by the Scholastic Logicians for the 
sake of fonnal symmetry and completeness. It is, how- 
ever, an artificial armngonient of terms, and arguments 
forced into it are usually more naturally expressed in one 
of the other figures, as will be seen in nearly every actual 
case by convolving whichever of the premises admits of 
the simple form of that process. Of course, as absolute 
a formal validity can be secured in the Fourth as in any 
other Figure. 

2. Special Rules of the Four Figures.— Tlie arrange- 
ment of terms in the premises of each Figure necessitates 
the imposition of certain limitations of quality and quan- 
tity. We thus get special derivative rules for eatdi Figure. 

(i) In the First Figure, if one premise is negative it 
must be the major in order to secure that P is distribuhd ; 
therefore the minor premise is always affirmative. This 
necessitates that M be distributed in the major premise 
which must therefore be universal. So the special rules 
are — 

1. The minor prenme must he affirmative, 

2. The major premise must he universal. 

(ii) In the Second Figure, distributed middle can be 
secured only if one of the premises is negative. This im- 
plies the^distributioii of P in the consequent negative con- 
clusion; therefore tlie major premise must distribute P, 
So tlie special rules are — 

1. One premise must he negative. 

2. The major premise must he universal, 

(iii) In the Third Figure, as P occupies the same position 
as in the First Figure, the same reason necessitates that 
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the minor premise he affirmative. Consequently it does 
not distrilnite its predicate S. So the special rules are — 

1 . The minor premise mvst he affirmative. 

2. The concivsion must he 2>articiilar. 

(iv) In the Fourth Figure, the distribution of M can be 
secured either by a nopjative major premise or by a uni- 
versal minor premise ; and that of P by a universal major 
premise. Cousequenily no definite limitation in quality of 
either premise exists, and the special rules are conditioned 
by the possibilities of quality in the premises. 

If the arrangement of terms be examined it will appear 
that when there is a negative premise, and consequently a 
negative conclusion, the major premise must be universal 
so as to secure the distribution of P ; that when the major 
preunise is affirmative the minor premise must be universal 
so as to distribute M \ that when the minor premise is 
affirmative it does not distribute 8. So the special rules 
are— 

If either premise is negative the major premise mvst 
he universal. 

2 If the major premise is affirmative the minor pre- 
mise must he universal. 

3. If the minor premise is affirmative the conchision 

must he particular. 

3. Detennination of Valid Moods. — Mood^is the 
form of a syllogism as determined by the quality 
and quantity of the three constituent propositions! 

e.g. AAA, S AS, AO O are moods. 

As all moods are not valid in every figure, a syllogism 
is only descril)ed fully when both its Figure and its Mood 
are given. There thus arises a more specific use of the 
term ‘ mood of a syllogism * in which the same general 
mood — e.g. EAE — is regarded as including specifically 
different moods in the different Figures. This is the more 
convenient use of the term ‘ mood ’ and one sanctioned by 
custom. . 

We will now see how many such moods are justified by 
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the general laws of the syllogism. The simplest way of 
doing this is to ask what moods will give as formal valid 
conclusion each of the four forms of categorical proposi- 
tion, A, £, I, O. 

(a) To prove A. — Both premises must be aflBirmative 
(Rule VI); and, consequently, they distribute only their 
subjects. As the conclusion is universal, S must be dis- 
tributed in the minor premise. This leaves Ilf to he 
distributed in the major premise. Consequently only one 
syllogism of the general mood A A A is possible, and that 
is in the First Figure — 

MaP 

SaM 

S a P 

(h) To prove E. — One premise must be negative (Rule 
VI) and one affirmative (Rule V). These premises must 
distribute between them all the three terms 5, P, M (Rules 
III, IV). One premise must, therefore, be E, and in 
this the order of the terms is immaterial. The other must 
be A and must distribute the extreme tei’in — S or P — 
which occurs in it. There are thus four specific moods 
according to whether the major or minor premise is 
affirmative and to the order of terms in the >negative 
premise — 

(1) (2) (3) (4) 

MeP PeM PaM PaM 

SaM Sa M ^ JLtl. 

S e P .\S e P .\S e P S e P 

Of these (1) and (2) are specific forms of the general 
mood E A E in Figures I and ll ; (8) and (4) are specific 
forms of A E E in Figures 11 and IV. 

(c) To prove I.— Both premises must be affirmative 
(Rule VI). As neither S nor P is distributed in the 
eonclusion, M is the only term which must be distributed 
in the premises, though P may be distributed, or M dis- 
tributed twice, without making it possible to draw another 
cpnclusion. If, however, $ were .^tributed in me minor 
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premise, though the conclusion S i P would be valid it 
would be inadequate, as we could then deduce S a P. Wo 
may have, then, any combination of affirmative premises 
which secui*e the distribution of M and make that of S 
impossible. We thus get — 

^(1) (2) (3) (4) (5) (6) 

MaP MaP MiP PiM MaP PaM 

S i M M i S M a S M a S M aS M aS 

.\Si P r.S i P .\S i P /. S i P .. S i P .. S i P 

Of these (1) and (2) are in the general mood All in 
Figures I and III; (3) and (4) in lAI in Figures III 
and IV ; (5) and (6) in A A I in Figures III and IV. 

(d) To imtve O. — One premise must be negative (Eule 
VI) and one affirmative (Rule V). The distribution of M 
and P must be secured in the premises (Rules III and 
IV) and that of S avoided for the reason given under Z. 
It is immaterial whether M is distributed once or twice. 

If the major premise is £, it secui'es in itself all the 
distribution required, no matter what the order of its 
terms: the minor premise may then be any affirmative 
proposition except S a M. If the major premise is O it 
must- secure the distribution of P by having that term 
as its predicate; then the minor premise must he M a S 
to secure the distribution of M. The minor premise 
cannot be E, as then it would distribute S, If it is O it 
must have M as its predicate to secure its distribution, 
for the affirmative major must distribute ft and, there- 
fore, be of the form PaM. We thus get — 


(1) 

(2) 

( 3 ) 

(4) 

MeP 

Pe,M 

MeP 

PeM 

SiM 

Si M 

M i S 

M i S 

.-.SoP 

1 :.SoP 

..Sop 

.‘.SoP 

( 5 ) 

(6) 

(?) 

(8) 

MeP 

PeM 

MoP 

PaM 

MaS 

MaS 

MaS 

SoM 

.‘.SoP 

.‘.SoP 

.'.SoP 

.‘.SoP 
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Of these the first four are iu the general mood .E I O, 
one in each figure ; (5) and (6) in tlie general mood E AO 
in Figures III and IV ; (7) is the only form of the mood 
O A O and is in Figure III ; (8) is the only form of A O O, 
and is in Figure II. 

Collecting our results it appears that : — 

A can be proved in only one mood, and only in 
Figure I. 

E can be proved in four moods, and in every Figure 
except the Third. 

I can be proved in six moods, and in every Figure 
except the Second. 

O can be proved in eight moods, and in every Figure. 

Thus O is seen to be proved in the greatest number of 
moods, and A in the smallest. But these propositions are 
contradictories, and the establishment of the one dis- 
proves the other. Hence, it is often said that A is the 
most difficult proposition to establish and the easiest to 
disprove. At the same time, it must be remembered thatt 
“ universal affirmative conclusions have the highest scientific 
value, because they advance our knowledge in a positive 
manner and admit of reliable application to the individual. 
The universal negatives come next ; they guarantee only a 
negative but a distinctly definite view. Then come the 
particular affirmatives, which promise a positive advance, 
but leave us helpless in the application to individual cases. 
Lastly, the particular negative conclusions are of the 
lowest value. Particular propositions, however, are by no 
means without scientific meaning. Their special service is 
to ward ofiE false generalisations. The universal negative 
or affirmative judgment, falsely held to be true, is proved 
not true by the particular afihrniative or negative conclusion, 
which is its contradictory opposite/’^ 

4. The Mnemonic Lines. — We liave found that there 
are nineteen valid specific moods — four in Figure I, four 
in Figure II, six in Figure III, and five in Figure IV. It 

f 

TJeberweg, Logtc^ Eng. tranB.^pp. i36-437* 
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has long been customary to designate these moods by the 
names which compose the following mnemonic lines ; each 
of these names containing three vowels, andtlius specifying 
a mood by indicating the quality and quantity of the con- 
stituent propositions by the usual symbols — A, E, I> O ; 
thus Cesare denotes the mood £ A E in Figure II — 

Barhdrd, Celareni, D(Wi, Fcricique prioris : 

Cesdrif Cdmestres, Festind, Bdrdcd, secundro : 

Tertia, Ddraptit JDlsdmia, Bdtlsiy FHa'ptoUf 
BocardOy FerJe^m, habet : quart a insuper addit 
Brdmantipy GarmneSy D'tTndriSy Fmlpoy FrMson. 

These mnemonics are given here for the convenience of 
referring to the moods by their ordinary names. They 
will be more fully explained in the chapter on Reduction. 

5. Strengthened and Weakened Syllogisme.— In 

three of the nineteen valid moods — viz. A AI in Figure 
III and E A O in Figures III and IV—the middle term 
is distributed twice, and in A AI in Figure IV the dis- 
tribution of P in the major premise is not demanded by 
the conclusion. These are therefore sometimes called 
Syllogisms because in each a premise may 
be reduced to its subaltern particular without affecting the 
conclusion. The matter is, however, of no importance. 

In discussing the moods which prove 1 and O we 
required that S should be undistributed in the premises, 
on the groimd that otherwise the conclusion would be 
.weaker than the premises justify. There is, however, no 
fallacy in proving less than is warranted by the evidence. 
IC Aen, in these moods we strengthen the Si M into S a M 
and the S o M into S e M and still conclude only \o Si P 
and S 0 Py m every case we di;p,w a particular conclusion 
when the premises justify a universal. These conclusions 
Sie the subalterns of the legitimate A or B which the 
premises justify. So these quite worthless and rather 
misleading forms — AAI in Figure I, E AO in Figures 
IiJI»an4 AS O in Figures n and IV — are called 
Un^\l£ood$ and the qrUogisms are said to be WeaJcmedu 
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6. We will now give some examples of valid moods in 
each figure. 

(i) Barbara. — This is the most important of all the 
forms of syllogistic inference, and the one most frequently 
employed — though often elliptically — not only in all 
branches of sciences but in common life ; for to establish a 
universal connexion between subject and attribute is the 
constant effort of thought, and object of research. Its 
schema is 

MaP 

SaM 

.\SaP 

In Physics the syllogistic form of thought is the only 
one by which particular phenomena can be explained ; and 
Barbara is the most important mood. From the general 
law of the radiation of heat — that, unless some medium 
intervenes, a warm body mdiates part of its heat through 
the atmosphere to a colder body surrounding it — we infer 
that, as the surface of the earth on a clear night is a warm 
body under those conditions, it will thus become cooled. 

The ajjplication of Law is equally syllogistic. The 
whole aim of legal procedure is to determine whether or 
not a particular case does, or does not, fall under a certain 
general rule, and, if it does, what are the resultant conse- 
quences. Thus, in a criminal trial, the law which has been 
violated furnishes the major premise, the conclusion drawn 
from an examination of the acts of the accused p^son 
supplies the minor premise; the verdict of *Q-uiity* or 
‘ Not Guilty ' gives the conclusion from those premises ; 4 
conclusion to which the sentence of the judge gives 
practical ejSect. 

From such examples it stands out clearly that syllogistic 
reasoning is inevitable within its sphere, but that its pre- 
mises are abstract, in that they single out one relation 
from the very complex whole in which alone that relation 
is found. So its conclusion is true only within the same 
limitations : it is the whole truth only on the assumption 
that the pi-emises are not only true but complete.' 
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It is further evident that even when — as in law — ^we 
have the required major it is a task of no small difficulty 
in practice to determine whether the case before us is a 
real minor premise. Syllogism, indeed, is a convenient 
synthesis of work already done. Its function in the ex- 
tension of knowledge will be considered in the discussion 
of Induction. 

(ii) Celarent. — This is the typical mood in which it is 
proved that a certain subject does not possess certain attri- 
butes. As it is neither of so much importance, nor of so 
much interest, to prove what a thing is not as to show what 
it is, this mood is not so universally used as Barbara. Its 
schema is 

MeP 
_S a M 
:.SeP 

As an example we may give : ‘ Duties on imports levied 
solely for the purposes of revenue are not protective ; all 
English import duties are of this class; therefoi’e, no 
English import duty is protective.’ 

(iii) Baroco« — ^The schema of this mood is 

PaM 

_S_oM 

.\SoP 

As an example of Baroco we may give : ‘ All truly moral 
acts are done from a right motive ; some acts which l^enefit 
others are not done from such a motive; therefore, some 
acts which benefit others are not truly montl.’ ‘ 

(iv) Bocardo. — The schema of this mood is 

MoP 

MaS 

::soP 

A good example is given by Ueberweg ; “ Some persona 
* Aristotle, Ethics f III., 4, 


I. L. 


15 
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accused of witchcraft have not lielieved themselves to be 
fn’c from the guilt laid to their charge ; all those accused 
of wit(;ljcraft were accused of a merely feigned crime : 
luuice some who were accused of a merely feigned ci*ime 
have not l)elieved thoiiiselves free from the guilt laid to 
their charge.”^ 

(v) Bramantip. — The schema of this mood is 

PaM 
JtaS 
\\ S i P 

Very few arguments fall naturally into the Fourth 
Figure. The following is an example of Bramantip. 
From th(^ premises ‘All moderate physical exercise is 
bemhcial to health ; everything l>enefi(*ial to health is 
incnlcah'd by llie Moral Code/ we may, if our attention is 
concenti'ated on moral precepts, most natiimlly conclude 
that ‘Among the commands of the Moral Code is one 
which insists on moderate physical exercise/ 

7. The Representation of Syllojg^isms by Diagrams. 

— The main purpose of applying diagrams to the repre- 
sentation of syllogisms is to make immediately obvious 
to the eye, by means of geometrical figures, tlie relation 
estiiblisJied between the extreme terms by the premises, 
and, thus, to render easier the apprehension of the con- 
clusion. 

This purpose is very imperfectly fulfilled by the circles 
of Euler. The fundamental objections to the application 
of those diagrams to the fourfold scheme of propositions 
have been already stated.® As every proposition — except 
£ — ixxpures a plunility of diagrams for its complete repre- 
sentation, it is evident that the combination of the two 
premises of a syllogism can only be fully set forth by a 
series of diagrams, which must, by its very complexity, 
go far to prevent that obviousness which is an essential 
feature of any diagrams which are to be an aid, and 

sSeepp. liS-llQ, 


^ Lo^c, Eng. trans. , pp. 425-426, 
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not a hindrance, in apprehending the result of an ar- 
gument. Take, for example, the representation of Bar- 
bara. Each premise requires two diagrams to express it ; 
thus — 






To represent the conclusion, wo must combine each of 
the diagrams which express the major premise with each 
of .those setting forth the minor premise. This gives a 
combination of four diagrams, and unless they are all con- 
sidered, we cannot be sure that the result given by those 
we have examined will not be inconsistent with that yielded 
by those we have omitted. Thus — 


(i) and (a) give 


SMP 
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To draw the concliiBion we muBt seek out the relation of 
S and Pf and in this respect the last three of the diagrams 
coincide — 5 iu each is contained in P but does not exhaust 
it. We tlien compare this result with the first diagram, 
and we find that in every case it is true to say that Every 
S 18 P- 

Similarly, if w(i combine £ and A propositions as 
premises, we re<iuii’e two diagrams to represent the syllo- 
gism, for A can only be fully expressed by using the two 
diagrams given above, and E by diagram V. on p. 117. 
There are, therefore, two combinations, and these, more- 
over, will l)e lettered and interpreted diffeiently accord- 
ing as the A proposition is the major or the minor 
premise. 

If we take a syllogism involving a particular premise, 
the representation becomes still more complex. To take 
Festlno^ for instance, the major premise requires only one 
diagram^ but for the minor four ai*e needed — 


PeM 



(0 




The combination of major and minor in every possible 
way yields no less than eight diagrams — 


(i) and (a) give 


(i) and (6) give 


(i) and (c) give 
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From ill is proiip of figures, we have, by disregarding M, 
to find the relation of S and P. On examination we find 
that (1), (2), (3), (6) express the relation of entire mutual 
exclusion between S and P\ that (4) and (7) represent the 
partial coincidence and partial exclusion of those terms, and 
(5) and (8) gii’^e the case in wliich P is entirely included 
in, but does not form the whole of, S. We reach, then, 
the three diagrams which express the proposition S 0 P, 

It will be obvious from the above examples that to 
represent thus the different moods of the syllogism scarcely 
makes the reasoning more immediately self-evident. In- 
deed, the chief value of this system of diagrams is the 
negative one of showing what premises will not yield a 
valid conclusion ; when the diagrams are compatible with 
every possible relation between S and P — as in the case of 
two negative premises— we know that no conclusion can 
be drawn. 
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8. Pure Hypothetical Syllogisms.— As hypothetical 
propositions have the same distinctions of quality and 
quantity as calegon(*al propositions, it follows that they 
can l)e combined into syllo<^isins in exacily tho same 
number of ways. There can, theivfore, be forms of pure 
hypothetical sylloj^ism corres})oadiug to every figure and 
mood of categorical syllogism, and governed by the same 
rules. But, as the universal hypothetical propositions are 
the only ones of much importance, it bdlows that l,he 
important pure hypothetical syllogisms are those com- 
posed of such propositions; and of these, ihose which 
corivspond in form to Barbara are the most useful, and 
the most frequently employeil. 

Moreover, as the whole force of syllogistic infenmce 
cxmsists ill the necessity with which the conclusion follows 
from the premises, and as this necessity is not alTected 
by the hypothetical or categorical form in which those 
premises are expressed, it follows that sucli hy^)ot!i(*ticaI 
premises can always l^e rediu'od to the categorical form 
without affecting the validity of the inference. ^J’his re- 
duction is most conveniently made when the quant i lied - - 
or conditional- -forms of the hypothetical are employed, 
as they correspond most closely Avith the quantified fon i 
in which the propositions composing a liategorical syll<' 
gism are usually written. Of course, Avheii this is doiu‘, 
though tho inference is equally necessary, the abstract 
and necessary character of the conclusion is more or less 
hidden. , 

It will be sufficient to give an example of a pure hypo- 
thetical syllogism in each figure expressing each of our 
propositions in the quantified denotative form. 

Figure I. Corresponding to Barbara we have the form 

If any S X, that S P, 

If any S is M,fhat^S 
If any S is M, that S is P, 

As a material example may be given : ‘ If any person is 
selfish, he is unhappy ; if any child is spoilt, tliat child is 
selfish ; thei-efore, if any child is spoilt, he is unhappy.’ 
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Figure II. CorresjM^Tiding to Ceeare is the fonn 

7/ any S is Py then nt'ver is it X, 

Jf any S is M, then always it is X, 

If any S is My then nevar is U P, 

An example is : * If any act is done from a sense of duty, 
it is never formally wron^ ; if any act is done from purely 
8(^1 fish motives, it is always formally wrong ; therefore, if 
any act is done from purely selfish motives, it is not done 
from a senst^ of duty/ 

Figure III. Corresponding to Bocardo is the fonn 

^ If an S is X, then sometimes it is not P, 

Ij any S is Xy then always it is My 
.*. If an S is My then sometimes it is not P. 

VVe may give as an (example: ‘If a war is just, it is some- 
times not successful ; if any war is just, it is always waged 
in defence of some rigid- ; therefore, if a war is waged in 
defence of some right, it is sometimes not successful/ 
Here it is evident nothing is lost by transferring the 
syllogism to the categorical form, and saying : ‘ Some just 
wars are not successful; all just wars are waged in defence 
of some right ; therefore, some wars waged in defence of a 
right are not successful/ This lias exactly the same force 
as the conditional form, for the latter does not imply that 
the want of success is a lUK^essary consequence of the 
chaiwti'r of the war. But, in the examples with universal 
conclusions, it is evident there is such a dependence of 
conLSoqiient upon antecedent, which is lost if the syllogism 
be transferred to the categorical form. 

Figure IV. Coriespondiug to Dimaris is the form 

If an S is P, it is sometimes X, 

If any S is Xy it is always My 
If an S is M, it is sometimes P, 

This may be illustrated by : ‘If the currency of a country 
consists of inconvertible bank notes, it is sometimes depre- 
ciated; if the curi’ency of any country is depre<^tea, it 
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causes an artificial inflation of prices; therefore, if the 
currency of a country causes an artificial inflation of prices, 
it sometimes consists of inconvertible bank notes.’ Here, 
again, it is evident that the antecedent does not state the 
necessary ground or reason for the consequent, and nothing 
is lost by reducing the whole argument to the categorical 
form. 

9. Pure Disjunctive SjUogisms. — The possibililj of 
syllogisms consisting entirely of disjunctive propositions 
has not usually l)eeii considered by logicians. Indeed, it is 
only with certain limitations that such syllogisms are pos- 
sible at all. They can, to begin with, only be syllogisms 
with an affirmative conclusion, as no disjunctive proposition 
can be negative. Only the affirmative moods are, therefore, 
possible, and, of tliese, that corresponding to Barbara is 
the only one of any importance. Further, we only secure 
a middle term when one of the alternatives in the minor 
premise negatives one of those in the major premise. From 

S u either P or Q 
S is either P or R 

no conclusion can l)e drawn, except that S is either P or Q 
or /?, which simply sums up the premises. But from 

S is either P or Q 
S is either P or R 

we can draw the conclusion S is either Q or R. This will, 
perhaps, be more clearly seen if each premise is expressed 
as a hypothetical proposition. We can write the premises 
in the form 

If S is is 0^ 

If S is R it is P 

whence it follows that If S is R it is which expresses 
the disjunctive S is either Q or R, Such syllogisms are, 
however, of infrequent occurrence. As the order of the 
alternativq|i is indifferent it will be seen that the distinctions 
of figure have here no proper application. 
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UKOUOTTON OF 8YLLOOI8MS. 

1. Function of Reduction. — Reduction is the pro- 
cess by which a given syllogistic argument is ex- 
pressed in some other Figure or Mood. 

JiiCiluctioii ia ^onerally confiiiod to expressinjj in the 
First Fiurure argunuMits ^iven in tJio other Figures, and 
tJiough the f)roces8 can be applied with e(pial ease to 
changing reasonings from any one figure to any other 
wliicli contains the required conclusion, and even from 
ontj mood to another in the same tiguro, these processes 
are of no utility and need not be considered. 

Nor is reduction to Figure I necessary to establish the 
validity of a syllogism expressed in another tigure. As has 
been seen the figure of a syllogism is <lue to tlie nature of 
the propositions which form its premises, so that some 
arguineiits fall most naliirally into figures other than the 
First, and to reduce them to that form is to substitute an 
awkward and unnatural expression for a simple and 
natural one. The validity of siieli arguments is as im- 
mediately obvious as is that of the moods of the First 
Figure, and, consequently, Reduction is unnecessary in 
order to prove validity. 

It does not follow that Reduction has no legitimate 
place in» syllogistic theory. It is true that the reasoning 
does not liecoiue more cogent by Injing reduced to the First 
Figiuv, but its distinctive character is more immediately 
obvious in that figure than in any other. Reduction thus 
makes evident the essential unity of all forms of syllogistic 
inference, and systematises the theory of syllogism by 
showing that all the various moods are, at bottom, expres- 
sions of but one principle. 
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2. Explanation of the Mnemonic Linee. — The 

primary intention of the mnemonic lines given in the last 
chapter is to indicate the processes by which syllogisms 
in figures other than the first can l)e reduced to that 
figure. This is ingeniously done by moans of the con- 
sonants employed. For convenience of reference we will 
here repeat the lines — 

Barbara, Celarent, JDarii, Feriaqu^ priori s : 

Cesare, Gamed res, Festino Baroco | or Faksolco], secundie; 
Teriia, Barayii, Bisamxs, Batisi, Felapton, 

Bocardo [or Boksamosk], Ferison, habet: Quarta insuper 
addit. 

Bramanlip, Camenes, Bwiarls, Fesapo, Fresison. 

The two additional names, given in square brjickets, 
refer to the direct process of reduction, while Baroco and 
Bocardo indioatx3 the indirect process adopted by the 
scholastic logicians. 

Some writers replace the c in Baroco and Bocardo by k, 
but this letter is re((uired for the two additional mnemonics 
for those moods, and cannot, therefore, be used in the older 
ones without confusion, as it would then domde two entirely 
different processes. 

The initial letters of the moods in the First Figure are 
the first four consonants. The same initial letters in the 
moods of the other figures indicate that the moods so 
named can be reduced to the mood in the First Figure 
which has the same initial. In the other figures — ^ 

8 denotes simple conversion of the preceding proposi- 
tion. 

p indicates that the preceding proposition is to be con- 
verted per accidens, 

m signifies metathesis, or transposition, of the premises. 
k denotes obversion of the preceding proposition. 
ks indicates obversion followed by conversion — that 
is, contra.jK)sition— of the preceding proposition. 
sk signifies that the simple converse of the preceding 
proposition is to be obverted. 
c sho^B that the syllogism is to be reduced indirectly 
(conversio aylloywmi, or change of the syllogism). 
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When one of these letters occurs in the middle of a 
word, one of the premises of the original syllogism is to 
undergo the process of eduction indicated. Now, when 
one of the changes indicated is the transposition of pre- 
mises, tlie position of the extreme terms is reversed, and 
the major term of the original syllogism becomes the minor 
tenn of tlie new. The conclusion must, therefore, be con- 
verted to bring it to the original form. 

Thus every word in which m occurs ends in «, p, or 
and tlu'se letters indicate that the conclusion of the 
new syllogism is to be converted. It will be noticed 
that no other significant letter ends a word. The only 
meaningless letters arc thus seen to be r, ?, n, and 
h and d when they are not initial. Several attempts so 
to change th(^ forms of the ivords as to omit meaningless 
letters, and to employ a distinctive letter for each mood 
have been made but none of them is likely to replace the 
traditional forms. 


3. Kinds of Kednetion. — It was indicated in the last 
8e<^iiou that tlierc are two k inds of Rcduct ion — Direct and 
Indirect, the latter being usually restricted to the moods 
Baroco and Bocardo, 

(i) Direct or Ostensive Reduction. — Kednetion is 
direct when the original conclvsion is deduced f rom premises 
derived from those given. The original premises are changed 
by conversion, transposition, or obversion. 

(a) Conversion, 

(1) The moods Cesare, Festino, Datisi, Ferison, and 
« Fresison, are reduced to the First Figure by 
simply converting one, or both, of the premises. 
For example, Cerate (Fig. II) becomes Celarent 
in Figure I — 

PeM MtP 

Sakt SaM « 


.\StP 


r.StP 
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and Fresison (Fig. IV) becomes Ferio (Fig. I) — 



MeP 

SiM 

SoT 

(2) The moods DarapH and Felapion are reduced by 
converting the minor premise per accidena. 
Thus Darapti (Pig. Ill) lH*c*omes Darii 
(Fig. I)- 

MaP MaP 

MaS SiM 


r.SiP 


.SiP 


(3) Fesapo (Fig. IV) is reduced to Ferio (Fig. I) by 
tlie simple conversion of its major, and the con- 
version per accidens of its minor premise — 

MeP 


PeM 

MaS 


8 oP 


-_SiJM 


(h) Transpoaitioa of premises. This, as has been seen, 
involves conversion of the new conclusion. 

(1) The moods Bramantip, Camenes, and Vimaris, all 

in Figure IV, reduce to the First Figure by 
merely transposing the premises. Tlius Brum- 
antip becomes Barbara — 

PaM 
MaS 

• •8iP .\PaS 

. •, U?y Conv .) 8 iP 

(2) Camestres and Disamis are reduced to the First 

Figure by transposing one premise with the 
simple converse of the other. Thus, Disamis 
(Fig. Ill) becomes Darii (Fig. I) — 

MiP MaS 
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(c) Olwersion. 

(1) Tho iniKniiouic Falcmho indicates that Baroco 

(Fi". IT) may be reduced to Ferio (Fi^. I) by 
coiitrapositin^ tlie major premise and obverting 
the minor. Tims — 

PaM 

S 0 M S i B 

TTsoP TTsVp 

(2) Similarl)' JJukmiuosJc signifies that Bocardo (Fig. 

Ill) may be reduced to Darii (Fig. I) by 
contrapositing the major premise and making 
it the minor, and then obverting Iho simple 
converse of the new conclusion. Thus — 


.\8oP r.PiS 

(by conv.) $ i P 
/. (by obv.) $ 0 p 

(ii) Indirect Reduction. — Redt/rfioti is indirect when 
a new mflloijisni is formed which establishes the validity of 
the original conclusion by shomng the illegitimacy of its 
contradictory. This method is also called Ueductio per 
inijwssihile or Bednctio ad ahsurdum. It can be applied 
to any mood, though in practice it is usually confined to 
Baroco and Bocardo ; and tliis application is the only one 
contemplated in the original mnemonics. The method is 
founded on the Principle of Contradiction. When a con- 
clusion is legitimately deduced from two given premises, it 
is formally true ; when it is not so de<iuced from them, it 
is fonnaWy false. In judging of the validity of an in- 
ference, this formal truth, or self-consistency, is all we are 
concerned with. Now, if the conclusion is formally false, 
its contradictory must be formally true. If this contra- 
dictory is combined with one of the original premises, a 
new syllogism is formed whose conclusion will either be 
identical with, or will contradict, the remaining original 
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premise. If it contradicts it, it proves that the contradic- 
tory of the original conclusion was formally false, that is, 
that conclusion was formally true. Thus the validity of 
the original syllogism is esiablished. 

For example, Baroco is proved valid by a syllogism in 
Barbara, For if the conclusion, S o P, is formalljr false, 
then its coniradictory, 5 a P, is formally true, that is, is an 
inference from the two premises P a Af, S o Af. Replacing 
the premise followed by c by this contradictory of the 
original conclusion, we get the following syllogism in Ba/r- 
hara, with P for its middle term — 

PaM PaM 



Thus, if S a P is formally true so is S a M. But S a M 
contradicts S o M which is one of the original premises, 
and is, therefore, formally false. Hence, 5 a P is also 
formally false; that is, the original conclusion, S o P, is 
formjilly true, and Baroco is a valid mood. 

Similarly with Bocardo, If the conclusion, S o P, is 
formally false, its contradictory, 5 a P, is formally true. 
Replacing the premise followed by c by this proposition, 
we get a syllogism in Barbara, with S for its middle 
term — 

MoP ^ ^ 8aP 

MaS MaS 

.\SoP ^ .-.MaP 

But M d P contradicts the original major premise M o P. 
Therefore, Af a P is formally false, and this entails the 
formal falsity of 5 a P. Therefore, the original conclu- 
sion, S 0 P, is formally true, and Bocardo is a valid mood. 

This process, though formally cumbrous, and, therefore, 
inferior for purposes of logical theory to the direct reduc- 
tion by obversion, is a very effective weapon in controversy 
and is perhaps one of those most commonly employed. 
Euclid, as we all know, used it frequently as a method of 
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4. Seduction of Pnre Hypothetical Syllogisme. — 

The validity of the reduction of any syllogism depends 
upon the legitimacy of the processes of immediate in- 
ference involved. With hypothetical propositions all 
these processes are valid, con8e<piently pure hypothetical 
syllogisms can bo reduced in exatdly the same way as 
categorical syllogisms. For example, the pure hypo- 
thetical syllogism corresponding to Oesare (Fig. II) ‘ is 
reduced to the form in hhgiire I agreeing with CelarerU, 
by simply converting tlie major premise, so that we get — 

(ooiiv. of orig. major) If any S is /, then never is it P, 

If any S is Af, then always it is X, 

Tf any S is M, then never is it P. 

The form corresponding to Bocardo (Fig. Ill)’* is directly 
reduced to tliat agrt»eing with Darii by contrapositing the 
major pr(‘niise and transposing the premises. The new 
conclusion has then to be converted, and the converse 
ob verted. We thus get — 

(orig. minor) If any S then always it is Af, 
(oontrap. of orig. major) If an S is P, then sometimes it is X, 

If an S is P, then sometimes it is M ; 
(by conv.) If an S is Af, theii sometimes it is P, 

, (by obv, ) If an S is Af , then sometimes it is not P, 

* See ]j. '2*12. * See p. 232. 
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MIXED SYLLOtHSMS. 

1. Mixed H 3 rpothetical Syllogisms. — When one oif 
the preimscB of a svllo^isiii is a. pothetica.1 and the other 
a eate^orical ]n-oposilioii, tli(^ former is called the major, 
as it furnishes llio ground of the inference ; while the latter 
is the minor, as it states a case in which the major is ap- 
plicable. The inference (‘onforms to the same principles 
whether the major premise is stated in the fundamental 
absiract connotative or in the derived concrete enunie rati ve 
form, which we have called conditional. * But in the latUir 
case the fundamental character of syllo|^istic infereu(‘e— the 
application of a general principle to a special case— is 
perhaps more plainly seen than in the former. For, when 
the major premise is a conditional j)roposition, it lays 
down, ill so many words, a general def>eiidence of one 
phcnioinenon upon another, though it makes no assertion 
as to whether or not either of these phenomena occurs in 
any special instance. The categorical minor affirms, or 
denies, the occurrence of one of these phenomena in some 
special case, and thus enables us, by applying the general 
rule given in the major, to conclude as to the occurrence, or 
non-occuiTence, of the other phenoim»non in that same case. 
When, however, the major premise is stated in the abstract 
hypothetical form making explicit the ground for the con- 
nexion of content — If S is M it in P — then the application 
to reality is not made through some jiarticular instance of 
Sf but must be mediated by the ascertained nature of S 
itself ; in other words the minor premise must be the 
^neric judgment S is M, and the conclusion is the generic 
judgment S is P. 


I. li. 


* See p. 1U7. 
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(i) Basis of Mixed Syllogistic Beasoning from a 
Hypothetical major premise. — As the inference in these 

is as purely formal as wlien both the premises 
are categorical, it must ultimately rest on the fundamental 
])rincii>lea of thou^dit. ‘ There is a very distinct reference 
to the Principle of Sufficient Keason, which may indeed be 
ri?^arded as the specific axiom of such syllogisms. This 
principle of thoiii^ht and necessary postulate of knowledge 
compels us to grant the conclusion whicli follows from any 
data we have accepted. Applied it) syllogisms with a hypo- 
thetical major premise this means that, if in the minor 
we assei*t the antecedent of the major to lie true in fact, we 
must accept, as a conclusion, the trutli of the consequent. 
Put a stricter examination shows that this is an application 
of the Principle of Identity. On the other hand, if, in the 
minor, we deny tlie consequent of the major, wo must, in 
the conclusion, reject the antecedent. For, by the Prin- 
<*-iple of Excluded Middle, the antecedent must be either 
true or false, and, if it were true, the consequent would be 
true; and by the Principle of Contradiction, neither the 
auU'cedtuit nor tlui consequent can be both true and false ; 
therefore, the denial of the consequent necessitates that of 
the auUH'tMlent. 

(ii) Determination of Valid Moods. — It is thus seen 
that the asstudioii of the truth of the antecedent of a hypo- 
thetical proposition justifies the assertion of the trutn of 
the consequent, and tlie denial of the consequent necessi- 
tates the denial of the anteccitent. But the same conse- 
ijuent may result from more than one antecedent; and, 
t herefore, the denial of the given antecedent will not justify 
the denial of the consequent, nor will the assertion of the 
consequent warnint that of the given antecedent. For 
example, though if a mau is shot through the heart he 
dies, yet men also die from other causes. The denial that 
he is shot through the heart will not, therefore, warrant the 
denial of his death ; nor will the assertion of his death 
necessitate the statement that it was due to this particular 
cause. We may express symbolically the various ante- 


* See Ch. IL 
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cedents which lead to the same consequent, using the must 
general formula of the hypothetical proposition, as in this 
respect it does not matter whether the consequent has the 
same subject as tlie antecedent or not — 

If A, then C. 

IfX, then C. 

IfY, then C. 

If Z, then C. 

Here, it is evident that if we deny A. we still leave open 
several possibilities of the occurrence of C, for eitlier X, T, 
or Z, may be true ; and if we assert C, thougli we, thereby, 
assert 07 ie of its possible antecedents, we cannot tell which 
one ; nor have we, indeed, in either case, any security that 
all the possible anleccdeuis of C are known to us. Jf, in- 
deed, A is the only possible antecedent of C, its d<‘jiial 
is a material justilication for the rejection of C, and 
the affirmation of C is a material warranty for that of A. 
But these material conditions do not liold in all cases, and 
we are not, therefore, justified in assuming them in any ; 
in fonnal inference we can deal only with that which holds 
universally. 

Now, as C may follow from several other antecedentiH 
l)esides A, it cori'esponds to an undistributed term. If, 
however, the denial of C were deduced from the denial of 
A, C would l)e used universally in the conclusion. Again, 
when C is affirmed, it is affirmed in one case only out of 
several possible ones ; to posit A as a result of su(;li affir- 
mation of C would be to disregard this. Thus, the fallacy 
of denying the antecedent is analogous to an illicit proc^ess 
of the major term, and tliat of affirming the coiisetiiieiit 
bears a similar resemblance to an undistributed middle. 
In each, the unwarranted assumption is made, that the 
major premise embraces every case in which the consofjuent 
can be true. 

There are thus two, and only two, valid processes of 
formal syllogistic inference from a hypothetical major 
premise. They are covered by the canon : 

To affirijf the antecedent is to affirm the consequent; io^ 
deny the consequent is to deny the avtec^ent. 
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In the former case the syllogism is said to be Construe* 
live, or in the Modus Ponens ; in the latter case, Destructive, 
or in the Modus Tollens. 

When, in such a syllogism, the major premise is a 
negative liypothelical, it is more convenient, and equally 
natural, t,o regard the negation as belonging to the conse- 
quent. The major may, then, take any one of four forms, 
as both the antecedent and the consequent may be either 
affirmative or negative. There can, therefore, be four 
forms both of the Modus Vonens and of the Modus Tollens. 
But it must be remembered that these names have no 
reference to the quality either of the minor premise or of 
the coiudusion, but simply to whether the minor enables 
us, in the conclusion, to affirm the consequent, or to deny 
the anUicedcnt, of the major, whatever that antecedent or 
consequent may 1^. To each of these varieties of the two 
moods separah^ names are given by German logicians. 
These names, however, are based on the quality of the 
minor premise and the conclusion — ponens marking affir- 
mative, and tollens negative, quality— and thus the same 
name may denote either a Modus Ponens or a Modus 
Tolleiis. Still using the one general formula to denote all 
forms of liypothetical propositions, these varieties of the 
two moods are thus expressed symbolically — 

(.1) Modus Ponens. 

(1) Modus ponendo ^wnens. 

If A then C, 


a 

(2) Modus ponetido tollens. 
If A, then not C, 

Wot C. 

(3) Modus tollendo ponens. 
If not A, then C, 

Vot A, 


C. 
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(4) Modus tollendo toUens, 

If not A» then not C, 

NotiL 

/. Not C. 

(B) Modus Tolleus. 

(1) MndnH tollendo iolleufi. 

If A, then C, 

Note. 

Not A. ~ 

(2) Modus ponendo iollens. 

If A. then not C, 

C, 

Not A. “ 

(3) Modus tollendo ponens. 

If not A, then C. 

‘ Not C, 

7 ." A. 

(4) Modus povendo ponens. 

If not A, then not C. 

_ C, 

... 

The identity of the names of the subordinate moods 
points out that the Modus Fonens and the Modus Tollens 
are, at bottom, identical. On compariuj^ the majors of the 
moods witb the same name it is seciu tliat they are the 
obverted contrapositives of each other, with the antecedent 
and consequent transposed. It follows that, if we obvert 
the contrapositive of the major of any form of the Modus 
Ponens, we shall get the corresponding fonn of the Modus 
Tollens ; and that the latter can be similarly reduced to the 
former. For example, if we take the modus ponendo ponens 
of the Modus Ponens 

If A, then C, 
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and obvert the contrapositive of its major, we get 

If not C, then not A, 

A, 

/. C, 

wliicli is the modue ponendo ponens of the Modm Tollem* 
Similarly, if we take the modus ponendo iollens of the Modus 
Tollensy 

If A, then not C, 

_ C, 

/. Not A, 

by obveHing the contrapositive of its major we get 

If C, then not A, 

C, 

Not A, 

which is the correspond iug form of the Modus Ponens. 

It must be borne in mind that as, in a hypothetical pro- 
position when it is stated in the conditional or eniimerative 
form, the subject of both the antecedent and the consequent 
are quantified, the minor may negate tlie consequent of the 
major by affirming either its contradictory or its contrary ; 
in each case, however, we are only justified in merely 
denying the antecedent of the major ; that is, in asserting its 
contradictory as our conclusion. Thus, from the premises 
* If all prophets spoke the truth, some would be believed ; 
but none are l)elieved’ wo are only justified in inferring 
that * some prophets do not speak the truth,* not that ‘ no 
prophets do so,’ ^ 

(iii) Examples. — We will now give some material 
example^ of the various forms of mixed hypothetical 
syllogisms : — 

(il) Modus Fonens. 

(1) Modus ponendo ponens. If any country increases 
in wealtli, it increases in power; England is in- 
creasing in wealth; therefore, England is in- 
creasing in power. 
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(2) Modus ponendo toUens, If any import duty is’ 

imposed simply for revenue purposes, that duty 
is not protective; English import duties are 
imposed simply for purposes of iwenue ; there- 
fore, English import duties are not protective. 

(3) Modus toUendo ponens. If any swan is not white, 

it is hlack; Australian swans are not white; 
therefore, Australian swans are hlack. 

(4) Modus iollendo tollens. If any war is not defen- 

sive, it is not just; the wars waged hy Napoleon 
the Great were not defensive; therefore, those 
wars werti not just. 

(B) Modus Tollens. 

(1) Modus iollendo tolleve. If any country is civil ise<l 

it has a population among whom education is 
general ; the people of Eussia are not generally 
educated ; therefore, Kussia is not a civilised 
country. 

(2) Modus j)o}iendo folleus. If any social institution 

is justihable, it oppresses no class of the com- 
munity ; slavery does oppress a class ; therefore 
slavery is not a justifiable social institution. 

(3) Modus iollendo ponens. If any railway is not 

required in the district through which it runs, 
it is a financial failure; the great English lines 
are not financial failures; therefore, they are 
required in the districts through which they 
run. 

(4) Modus ponendo ponem. If any country has no 

capital invested abroad, its imports will not 
exceed its exports ; England’s imports do exceed 
her exports ; therefore England has capital in- 
vested abroad. 

A few examples may be added of similar inferences when 
the hypothetical major has not been reduced to the funda- 
mental form with the same subject to both antecedent and 
consequent. 
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{A) Modns Ponena. 

(1; Modns ponendo pone/ns. If all moil are fallible, 
all [)liiloHoplier8 are fallible; but all men are 
fallible; tluTeforo, all pliilosophers are fallible. 

(2) Modus jwtifudo tollens. If all our acts are within 
our own control, no vice is involuntary ; all our 
actH are within our own control ; therefore, no 
vice is involuntary. 

(ir Modus foil undo jwnens. If vindictiveness is not 
a iu>ti liable emotion, all punishment should be 
8im])ly preventive; vindictiveness cannot be 
justified; therc^fort^, all punishment should be 
simply preventive. 

(4 ' Modus toUendo fallens. If seeking his own pleasure 
is not man’s chief end, tlie egoist is not truly 
moral ; the seeking his own pleasui*e is not man’s 
clu(‘f end ; therefore, the egoist is not truly 
moral. 

(/t) Modus ToUens, 

( 1 ) Modus toUendo tollens. If all prophets spoke the 

truth, some would be Ixdieved ; but none am 
believed; therefore, some do not sj^eak the 
truth. 

(2) Modus ponendo toUens. If some of a man’s de- 

liberate acts are wholly detc»rmiued by circum- 
stances, he is not morally responsible for them; 
but a man is morally responsible for all his 
deliberate acts; thert'fore, no such acts are 
wholly determined by circumstances. 

(3) ^iodn^ tollendo ponens. If no men were mad, 

lunatic asylums would lx? useless ; but they are 
not useless ; themfore, some men are mad. 

(4) Modus ponendo ponem. If the earth did not 

rotate on its axis, there would be no alternation 
of day and night; them is such alternation; 
therefore the earth does rotate on its axis. 
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2. Mixed Disjunctive Syllogisms.— A Mixed Dis- 
junctive Syllogism, in the strict sense of the term, 
is one in which the inference is drawn from the dis- 
junctive form of the major premise. 

(i) Basis of syllogistic inference from a disjunctive 
major premise. — IT two iilt4‘nuitiv(*s are <;iveii in the 
major premise, the denial of one of them in tlio minor 
justifies the assertion of the other in the eonclusion. Such 
an inference is purely formal, ami is, therefore, based on 
the fundamental priucijdes of tlum^ht. Thom^li the 
common formula fora disjunctive proposition is S /'h either 
P or Q, yet even here the alternation is, at bottom, be- 
tween the two propositions S is P and S is Q. And an 
alternation may bo ecjually well asserted betweim two 
propositions with differeiil, subjects, as Either S is P or M 
lif Q. If, then, we denote the alternative' propositions by 
X and T, we shall have the simple formula for disjunctive 
]»ropositi(»ns -Either Z or Y, which is more comprehensive 
than the (mstoniarv S is either P or Q. Now, if we acce])t 
as the major premise the disjunctive proposition Either 
X or Y, we kmnv tl»at om*, at h‘ast, of these alternatives 
must be tiMie, i.e. not X ensures Y. IF the minor ])reIni^(‘ 
denies X, it must, by th(‘ j)riu(*i])le of Excluded Middle, 
affirm not X, and this just i ties the affirmation of Y. But 
the alternatives maybe both negative not X or 
not Y, and this may l>e written Not both X and Y. Here 
again, if one of the alternatives is false, the other lyiist be 
true; that is, X ensures not Y. If, tlieii, the minor 
posits X, it must, hy the Principh* of CV m trad ict ion, deny 
Y, for, in this case, X and Y cannot l>e true together. 

(ii) Forms of Mixed Disjunctive Syllogfisms.— The 

denial of one alternative, then, justifies the affirmation of 
the other. And, if the nuiril>er of alternatives is greater 
than two, the same rule holds — the denial of any numljer 
justifies the affirmation of the rest, categorically if only one 
is left, disjunctively if more than one remain. Thus — 
Either H or Y or Z, 

Neither X nor Y, 


Z. 
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and— 

Either X m* T or Z, 

Not X, 

Either T or Z. 

As a disjunctive proposition does not formally imply 
that the alternatives are mutually exclusive, we cannot 
infer the denial of one of them from the assertion of the 
other. Those loj^icians who hold the opposite view, of 
course, assert that this can l)e done. But, even if the 
exclusive view were rij^ht, and S i» either P or Q implied 
that S could not l)e both P and Q, yet when it is inferred 
' that S is not Q l>ecause it is P, the inference is plainly 
made from tlu^ categorical proposition, No P is 0, which 
the disjunctive major premise is held to imply, instead of 
from that major premise itself. Such an argument, there- 
fore, even if valid, would not be a disjunctive syllogism. 
We may, then, give as the c4inon of syllogistic inferences 
from a disjunctive pro{)08itiou : 

To deny one member {or more) of any alternation is to 
affimn the other member or members. 

This gives one mood only of mixed Disjunctive Syllo- 
gisms, commonly called the Modus toUendo fonens because 
it aftirms one alternative by denying the other. 

As, however, both the alteniative meml>ers may l>e either 
affirmative or negative, this mood may take four forms, 
corresponding to the subordinate forms of the two more 
fundamental moods of mixed hypothetical syllogisms. 
Both minor premise and conclusion, therefore, may l)e 
either affirmative or negative oat^^gorical propositions. The 
forms are thus expressed symbolically, the first being the 
standards 

(1) Either X or Y, 

Not X, 

T. 

(2) Either X or not Y, 

NotH, J 

/. Not Y. 
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(3) Either not Z or Y, 



/. T." 

(4) Either not Z or not T, 

Z 

.•."ZotT~ 

(iii) Bednction of Mined Disjunctive Syllogisms. 

— As every disjunctive proposition may be expressed in 
hypothetical form’ every disjunctive syllogism may l>e 
expressed as a mixed syllogism with a hypothetical major 
premise. When this is done, the above four forms are seen 
to be equivalent to (1) the modus tollendo ponem, (2) the * 
modus tollendo tollens^ (3) the modus ponendo ponens, and 
(4) the modus ponendo tollens of the Modvs Ponens when 
the denial of the first alternative is i>aken as the antecedent 
of the hypotheticiil major premise, and io the same forms 
of the Modus Tollens when the denial of the second alterna- 
tive is 80 taken. As every syllogism in the Modus Ponens 
is reducible to a categorical syllogism in the First Figure, 
and every syllogism in the Modus Tollens to a similar 
syllogism in the Second Figure, it follows that every dis- 
junctive syllogism can l>e expressed at will as a categorical 
syllogism in either of these figures. This again illustrates 
the essential unity of the syllogistic process, though the 
reduction has no other value. 

(iv ) Examples. — As examples of the four possible forms 
of mixed disjunctive syllogisms we may give — 

(1) Every tax which provokes general dissatisfaction 

is either onerous in amount, or unjust in its 
incidence; the unpopular Poll Tax of Eichard 
n was not onerous in amount ; therefore, it was 
unjust in its incidence. 

(2) Any coxmtry which maintains a protective tariff 

either intends to subordinate present to future 
advantage, or fails to see its own interest clearly ; 

^ America, in maintaining her protective policy, 

iSdepp. no-m, 
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has no inUmtiou of subordinating the interests 
of tlie present to tliose of the future; therefore, 
slio fails 1o see her dwji interests clearly. 

(3) Every revolution is eitlier un justifiable, or is pro- 

vo1v(m 1 by opj)r(‘ssioii ; the French Kevolution of 
17Hi) was justifiable ; therefore, it was provoked 
by oj>pn*ssi(Ui, 

(4) Any penalty which fails to diminish the crime of 

which it is tin* a])pointed punishment, is either of 
insuflicuuit severity, or is sometimes not incurred 
by t he criminal ; the penalty for murder thus 
fails, and bein^ death, is of sufficient severity ; 
therefore, its infliction on the culprit is not 
certjiiii. 

We will add a few examph»s in which the alternatives in 
th(‘ major j)remis«‘ have not the same subject — 

(1 ) Either t lie anciiuit Athenians W€>re highly civilised, 

or the higlu*sf artistic culture is possible amongst 
a peoj)h‘ of inferior civilisation; but this latter, 
alf(‘rjiativo is impossible ; therefore, the ancient 
Athenians were higlily civilised. 

(2) Either vice is voluntary, or man is not responsible 

for his actions ; but man is so responsible ; there- 
fore, vice is voluntary. 

(3) Either no man should be a slave, or some men are 

incapable of virtue ; but no men are incapable 
of virtue ; therefore, no man shoultl l>e a slave. -• 

(4) Either poverty is never due to misfortune, or 

desert sometimes goes unrewarded ; but poverty 
is Bometimes due to misfortune ; therefore, desert 
does sometimes go unrewarded. 

3. Dilemmas. — Dilemma is a syllogism with a 
compound hypothetical major premise and a dis- 
junctive minor. 

In other words, the major contains a plurality either of 
antecedents or of consequents, which are either disjunc- 
tively affinned, or disjunctively denied, in the minor. The 
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peculiar feature of a dilemniatic ar^imieut is the choice of 
alteniaiives which it thus ofl'ers; and, when it is used 
rhetorically, tlie aim is to make these alternatives of such 
a kind that, whilst one must be acvepted, all lead to results 
equtilly disaj^reeable to an o[)poiieiit. tience arose the 
saying * to be on the horns of a dihunnia.’ 

Strictly sjx'akinj^, a. Dilemma contains only tw(» alter- 
natives; if three are offered we have a Trilemma \ if four, 
a Tetralomma \ and if more than four, a Folylcmma. As 
these more complex forms are j^overned by the same 
principles as the dilemma, it will be siitlicient to consider 
the latter. 

* 

(i) Forms of the Dilemma. 

(-^•1) Dcierminatiaii of Forms, Like all mixed hypothe- 
tical sylloi,dsms, a dilemma may be (‘itluu* Cotififnictive - 
when the autcc<Mlents are aflirmed ; or Det^irurtithi - when 
the cons(‘([U(‘uts are denied. In the former case, there 
innst, of neec'ssitv, be two antecedents in the major pre- 
mise, as otherwise the minor premise could not be dis- 
junctive, but there may 1 k 3 either a single conseijnent — 
which the conclusiim will aflirm in the same form, whh^h is 
usually the simple categorical ; or two coiise([uent,s — when 
the conelusi<m will always be disjunctive. In the former 
case the dileimna is Simple ; in the latter Ciisc3 CompleA', 
Similarly, the major promise of a destructive dilemma must 
contain two coiisi'qiunits, whicli may have either one oi- two 
antecedents, the dilemma being again Simple or Complex 
accordingly. We thus get four main forms of the dilemma, 
which may l>e expressed by tlie following formulae, in which 
each letter represents a proposition — 

(1) Simple Cojidtructive. 

(а) If either A or B, then C, 

Either A or B, 

(б) If either A or B, then either C or D, 

Either A or B, 


Either C or D. 
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(2) Simple Destructive, 

(a) If A, then both C and D, 

Either C or not D,_^ 

.rNot A. 

(5) If both A, and B, then Imth C and D, 

__ Either not C or not D, 

Eiiliei' not A or not B. 

(li) Complex Constructive, 

If A, then G, and if B, then D, 

Either A or B, 

Either C or D. 

( 1-) Complex Destructive, 

If A, then C, and if B, then D, 

Either not C or not D» 

Either not A or not B. 

Tlie second form of the Simple Constructive dilemma is 
simjple because the alternative hypotheticals which form the 
major promise have only one consequent. The conclusion 
is disjunctive because this single consequent is disjunctive, 
in form. Similarly, the second fonii of the simple de- 
structive dilemma is not complex, althouj^h it has a dis- 
junctive conclusion, for that conclusion is mei'ely the simple 
denial of the one single antecedent of the major premise. 
It thus appears that these forms are not fundamental, but 
are only special cases of somewhat greater complexity of 
the simple forms.* 

It will be noticed that the major premise of both forms 
of the simple destructive dilemma has its consequent copu- 
lative, and not disjunctive, in form. The reason is that 
when tw 4 > consequents are alternatives their disjunctive 
denial will not justify the denial of the antecedent ; for, 
if one of two alternatives is false, the other must be true, 
and the truth of one consequent is all that the antecedent 
of such a proposition demands. It is necessary that both 

^ Cf, Keynes, Formal Logic, Ed., pp. 317-318, 
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the consequents should be connected with the whole ante- 
cedent, in order that the denial of tbeir conjunction may 
justify the rejection of the antecedent as a whole. 

We will now illustrate each of the above forms. 

(1) (a) Simple Comtructive, The inhabitants of a be- 
sieged town might express their position in some such 
dilemma as this : * If we hold out, wo shall suffer loss by 
the bombardment destroying our property; if we sur- 
render, we shall suffer loss through having to pay the 
enemy a heavy ransom ; but we must adopt one or other 
of these two courses ; therefore, whichever way we act, we 
are bound to suffer loss.’ 

(h) This form, which is more indefinite than the former, * 
neither antecedent being limited to one consequent, is 
much less frequently employed. As an example of it we 
may give: ‘If either England is over-populated or its 
industry is disorganised, many people must either emigrate 
or live in deep poverty ; England at present suffers either 
from over-population or from disorganisation of industry ; 
therefoi-e, many Englishmen must either emigrate or live 
in deep poverty.’ 

(2) (a) Simple Destructive. Euclid’s proof of Proposi- 
tion VII of the First Book may be exhibit.ed as a dilemma 
of this kind : ‘ If two triangles on the same base, and on 
the same side of it, have their conterminous sides equal, 
then two angles are both equal and unequal to each otner ; 
but they are either not equal or not unequal ; therefore, 
the existence of two such triangles is impossible.’ • 

Whately gives the following example of such an argu- 
ment ; “ If we admit the popular objections against Politi- 
cal Economy, we must admit that it tends to an excessive 
increase of wealth : and also, that it tends to impoverish- 
ment ; but it cannot do both of these ; (i.e. either not the 
one, or, not the other) therefore we cannot admit the 
popular objections, etc.” * 

(h) This form is very seldom used. As an example we 
may give : ‘ If compulsory education is unnecessary and no 

* ^ Whately, EUmenU of Logic^ 5th Ed., pp. 117*118. 
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legal regulation of the conditions of the labour of children 
is justifiable, then all guardians of children both understand 
and try to iKJifonn their duty to those under their charge ; 
but some guardians either do not understand their duty to 
their young wards or do not try to perform it; therefore, 
either compulsory ediuuition is necessary or some legal 
regulation of the conditions of children’s labour is justi- 
fiable.’ 

(8) Complex Comf rurJ i ve. A good exam[)le of this form 
of dilemma is found in the oration of Dtniiosihenes On 
the CroivUy where he argues: ‘If Aeschines joined in the 
public rejoicings, he is inconsistent; if he did not, lie is 
uupatri<)ti(^ ; bid. either lie di<l <»r he did not; therefore, 
ho is eitluT inconsistent or unpatriotic.’ 

The following arguinmit is in the same form: ‘If the 
Czar of Kussia is aware of the persecutions of the Jews in 
his country, he is a tyrant; if he is not aware of them, he 
neglects his duty ; but either he is, or he is not, aware of 
them ; therefore, either he is a tyrant or he neglects his 
duty.’ 

(4) CompltKr Destructive. This, again, is not a very com- 
mon form An examjde is: ‘ If the iiulustvv of England is 
well organised, there is work for every efficient labourer 
who seeks it, and if all labourers are industrious, all will 
seek work; but either some labourers cannot get work or 
they will not seek it; therefore, either the industry of 
England is not well organised or some labourers lu-e idle.’ 

(i?) Mutual Convert ihility of Furme, Like the simpler 
mixed hypothetical syllogisms, the constructive and de- 
structive dilemmas are, at bottom, identical ; for any form 
of the one may be converLHl to the corresponding form of 
the other by obvertiiig the contrapositive of the major 
premise. Thus, the complex destructive and complex 
Gonstructiye dilemmas are, fundamentally, the saiMe, and 
each of the two forms of the simple destructive is mutually 
convertible with the corresponding form of the simple 
jponstructive dilemma. In illustration of this it will be 
sufficient to reduce each of the destructive to construc- 
tive form. 
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Simple Destructive, (a) By obverting the contrapositive 
of the major premise and retaining the original minor, we 
get — 

If either not C or not D, then not A, 

Either not C or not D, 

/TwrtA; 

wliich is the simple constructive form with negative, instead 
of affirmative, elements. 

(ft) Similarly, by obverting the coutrapositive of the 
second form of the simple destructive we get the second 
form of the simple constructive, with negative elements — 

If either not C or not D, then either not A or not B, 

Either not C or not D, 

Either not A or not B. 

Complex Destructive. The obverted contraposifive of t he 
major pi*emise l)eing taken, we get — 

If not C, then not A, and if not B, then not B, 

Either not C or not D, 

Either not A or not B ; 

which is the complex constructive form with negative 
elements. 

This convertibility may be illustrated by an example. A 
man in bad health, and who has no income but his salary, 
may argue that his recovery is hopeless, either in the simple 
destructive dilemma: *If I am to regain health, I must 1)oth 
give up work and live generously ; but I cannot do both of 
these (that is, either I cannot do one, or I cannot do the 
other) ; therefore, I cannot regain health ’ ; or in the simple 
constructive: ‘ If I either continue to work, or live meagrely, 
I cannot regain health ; but I must either continue to work 
or live meagrely ; therefore, I cannot regain health.* 

(ii) ftiimtting a Dilemma. — The conclusivenesg of a 
dilemma depends upon material, as well as formal, con- 
siderations. Not only must the connexion of antecedent 
and consequent be a real one, but the disjunction in the 
minor prenSise must exhaust every possible alternative. 

I.L. 17 
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The difficulty of securing this is the reason dilemmatic 
arguments are so often fallacious. 

Very often a faulty dilemma can be rehutied or retorted 
by an equally cogent dilemma proving the opposite conclu- 
sion. In such a case, the consequents of the major change 
places. And their quality is changed. Thus 

If A, then C, and if B, then D, 

Either A or B, 

Either C or D, 

may be rebutted by the dilemma 

If A, then not D, afid if B, then not C, 

_ Eith^ A or B, 

Either not C or not D. 


But the conclusion proved is not really incompatible with 
that of the original dilemma, for both can l)e satisfied by 
C and not B or by B and not C being true together. 
Only the complex constructive forms of the dilemma lend 
tliemselves to this t reatment (though destructive dilemmas 
can be rediiccKl to the constructive form and then re- 
butted), and, of course, only those in whicb some flaw 
exists in the original argument ; a valid dilemma cannot 
1)6 rebutted. There ai’e several classical examples of 
dilemmas thus rebutted, the consideration of which will 
tend to make the subje(*.t clear. 

An Athenian mother is said to have advised her son not 
to enter public life ; ‘ for/ said she, * if you act justly men 
will hate you, and if you act unjustly the gods will hate 
you ; but you must act either justly or unjustly ; there- 
foi’e, public life must lead to your being hated.* This 
argument he rebutted by the equally cogent dilemma: 

‘ Jf I acfr iustly the gods will love me, and if I act unjustly 
men will love me ; therefoi'e, entering public life will make 
me bdoved.* But, according to the given premises, a public 
man must always be both hated and loved ; the given con- 
clusions are not, therefore, incompatible. 

More famous is the LiiigioBus. Protagotas agreed to 
train Euathlus as a lawyer, one-half the fee to S^e paid at 
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once, oad the other half when Euathlus won his first case. 
As Euathlus engaged in no suit, Protagoras sued him, and 
confronted him with this dilemma : * Most foolish young 
man, if you lose this suit you must pay me by order of the 
court, and if you gain it you mhst pay me by our con- 
tract.* To which Euathlus retorted : ‘ Most sapient master, 
I shall not pay you ; for if I lose this suit I am free from 
payment by our contract, and if I gain it, I am exonerated 
by the judgment of the court.* Of this difficulty several 
solutions have been offered. The most reasonable seems 
to be this : As Euathlus had until then won no case, the 
condition of the bargain was not fulfilled, and the judges 
should have decided in his favour. It was then open to 
Protagoras to bring a fresh suit, when the judgment must 
have gone against Euathlus. 

Somewhat similar is the Grocodilus. A crocodile had 
seized a child, but promised the mother that if she told him 
truly whether or not he was going to give it biick, he would 
restore it. Fearing that if she said he was going to give 
it back, he would prove her wrong by devouring it, she 
answered, ‘ You will not give it back ’ ; and argued : ‘ Now 
you must give it back — on the score of our agreement if 
my answer is true, and to prevent it-s becoming true if it is 
false.* But the crocodile answered : ‘I cannot give it back, 
for if I did your answer would l)ecome false, and thus I 
should break our agreement ; and even could your answer 
be correct I could not give it back, as that would make it 
false.’ On this Lotze says : “ There is no way out of this 
dilemma; as a matter of fact however both parties rest 
their cases on unthinkable grounds ; for the answer really 
given can as little Ije true or untrue independently of the 
actual result as could the answer she might have given, an 
answer which only differs from this in being more fortu- 
nate.** * For, had she said ‘ You will give it back,* then 
its resteration would both have made her answer true and 
hay» fulfilled the agreement. 


* LogiCf Eng. trans., vol. ii., p. 20. 
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ABRIDOED AND CONJOINED SYLLOGISMS. 

1. Euthymemefl. — An Enthymeme is a syllogism 
abridged in expression by the omission of one of the 
constitnent propositions. 

The most common form in which syllogistic arguments 
are met with is the enthymematic. The tendency of speech 
is always to state explicitly no more than is required for 
clearness; and as, in most cases, when two of the con- 
stituent propositions of a syllogism are given the third is 
sufficiently obvious, it would be mere pedantry to express 
it in ordinary discourse. It is, therefore, but seldom that 
fully expressed syllogisms are met with outside treatises 
on logic. This condensation, however, makes it both more 
easy to commit fallacy and more difficult to detect it. A 
false conclusion is often supported by a perfectly" true 
premise. The fact that the implied premise is false or 
wanting in pertinence is not realised. 

In reasoned discourse the omission of a premise is more 
usual than the suppression of the conclusion. The latte j* 
is essentially a rhetorical device and always carries a sug- 
gestion of feeling. As, however, any one of the three 
constituent propositions of a syllogism may be omitted, we 
can spealc of euthymemes as or three orders- - 

First Order — when the major premise is omitted. 

Second Order — when the minor premise is omitted. 

Third Order — mhen the conclusion is omitted. 

For example, the argument of the fully stated syllogism : 
* All democratic governments are liable to frequent 
changes in foreign policy; the English government is 
democratic; therefore, the English government is liable 
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§ 2 ] CHAINS OF EEASONINa, 261 

to frequent changes in foreign policy ’ — may be expressed 
by an enthymerne of each order : — 

First Order. * The English government is liable to fre- 
quent changes in foreign policy, because it is democratic/ 
Second Order. * The English government is liable to 
frequent changes in foreign policy, because all democratic 
governments are liable to this/ 

Third Order. ‘ All democratic goveniments are liable to 
frequent changes in foreign policy, and the English govern- 
ment is democratic.’ 

When an enthymerne is of the first or second order, more 
freriuently than not the conclusion is stated first, and the 
premise given in its support is introduced by some such 
illative particle as ‘ l>ecau8e ’ or ‘ since.’ 

When an enthyineme is of the third order, it is. of 
course, immediately obvious to which of the syllogistic 
figures it belongs. When it is of either the first or second 
order, this must be determined by the position in the given 
premise of either the minor or the major term. If the 
given premise contains the subject of the conclusion, it is, 
necessarily, the minor premise?, and the enthymerne is of 
the first order; if it contains the predicate of the conclu- 
sion, the enthymerne is of the second order. Now, if both 
the given premise and the conclusion have tlie same sub- 
ject, the enthymerne must be in eitlier tlie First or the 
Second Figure ; for in those figures only is S the subject 
of the minor premise. Similarly, if both the propositions 
have the same predicate, the figure is either tlie First or 
the Third, for in these P is predicate of the major premise. 
If the pr^^dicato of the conclusion is the subject of the 
given premise, the argument belongs either to Figure II 
or to Figure IV, in each of which P is the subject of the 
major premise. Finally, if the subject of the conclusion 
is the predicate of the given premise, the figure is either 
the Third or the Fourth, for in each of these S is the pre- 
dicate of the minor premise. 

2 . Progressive and Begressive Chains of Boason- 
ing. — ^A/rain of thought may be conducted by means of a 
succession of syllogisms in which the conclusion of each 
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syllogism supplies a premise to that which follows. Two 
cases may be distinguished. In the first the conclusion 
forms the major premise, and in the second the minor 
premise, of the syllogism which it precedes. Symbolically, 
therefore, this may be represented as follows — 


(1) 

y a P (major) 

X a y (minor) 

(1) 

Say (minor) 
y a X (major) 


,\XaP (conol.) 


.‘. SaX (oonol.) 

(2) 

X a P (major) 

M a X (minor) 

(2) 

S a X (minor) 
X aM (major) 


a P (concl.) 


.\SaM (concl.) 

(3) 

M a P (major) 

S a M (minor) 

(3) 

S a M (minor) 
MaP (major) 


r.SaP (concl.) 


r.SaP (concl.) 


A common proposition connects each two members of 
such a train of syllogisms ; and the syllogisms thus related 
are called respectively Prosyllogism and Episyllogism with 
respect to each other, 

A Prosyllogism is a syllogism whose conchmon is a 
jjremise in the syllogism with which it is con- 
nected. 

An Episyllogism is a syllogism one of whose premises is 
the conclusion of the syllogism with which it is 
connected. 

In these trains of reasoning the progress of thought has 
been from prosyllogism to episyllogism. Such a demon- 
stration is called FrogresBive, Spisyllo^stic, or Syn- 
thetic: it is very common in mathematics and is con- 
stantly used by Euclid in his direct proofs. It is the 
method by which the consequences of general principles are 
exhibited. It may consist either of categorical or of hypo- 
thetical propositions. A good example of the latter is given 
by Ueberweg : “ If there is a medium obstructing the motion 
01 the planets, then the path of the earth cani^ot be con- 
stant nor periodical, but must always become less : If this 
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be the case, then the existence of organisms on the earth 
cannot have been (nor can i^main) eternal. Hence, if 
there is this medium, organisms must have at one time 
come into existence, and will wholly pass away. If orga- 
nisms once existed for the first time on the earth, they 
must have arisen out of inorganic matter. If this is the 
case, there has l)een an original production (generatio aequi- 
voca). Hence, if this obstructive medium exists, there has 
been an original production.”^ 

But in physical science it more frequently happens that 
the highest and most general principles are the last to be 
discovered. “ Certain general propositions are first dis- 
covered (as, e.g., the laws of Kepler) under which the indi-^ 
vidual facts are syllogistically subsumed. The highest 
principles are discovered later {e.g. the Newtonian law of 
Gravitation) from which those general principles are 
necessary deductions.”^ In such a course of reasoning, 
thought advances from the episyllogism to the prosyllo- 
gism, going backwards further and further towards first 
principles. A demonstration of this kind is, therefore, 
called Begressive, Frosyllogistic, or Analytic. It 
may bo thus represented symbolically, the episyllogism 
being stated first, as in such a train it comes first in the 
order of thought : — 


(1) 

S a P (concl.) 

(1) 

S a P (concl. ) 


: M a P (major) 

S a M (minor) 


•:MaP (major) 
S aM (minpr) 

(2) 

MaP (ooncl.) 

(2) 

MaP (concl.) 


•: X a P (major) 
iHa X (minor) 


X aP (mHjor) 
MaX (minor) 

(3) 

X a P (ooncl.) 

(3) 

S a M (concl.) 


Y aP (major) 

X aY (minor) 


Y a M (major) 
S a Y (minor) 


Such a train of reasoning, whether progressive or regres- 
sive, is often called a Polysyllogism. 

' Ueberweg : Logic, Eng. trans., p, 464. 


* Ibid., p. 465. 
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8 . Sorites. — A Sorites is a progressive chain of 
reasoning whose expression is simplified by the omis- 
sion of the conclusion of each of the prosyllogisms. 

The Sorites is, thus, a series of cnthymemes, of which the 
first is of tlie third order, as both its premises are stated ; 
and the last is of either tlie first or the second order, as one 
premise and the conclusion are j^iven. But each of the 
intermediate enthymemes is represented by one premise 
alone, as tlie other premise is the omitted conclusion of the 
precediii}' prosyllogism. In sonmwhat different words, 
therefore, it may he said that a sorites is a series of enthy- 
iiiemes, in each of which, except the first, one premise is 
^ implied by a prosy llogisra, and the other is explicitly stated. 
From this it follows that a full analysis of a sorites resolves 
it into a numlnji* of separate syllogisms, less by one tlian 
the tofiil number of premises. 

(i) Kinds of Sorites. — It was seen in the last section 
that the conclusion of a prosyllogism may form either the 
minor or the major premise of the episyllogism. There are, 
consequently, two forms of sorites — the Aristotelian, in 
which the suppressed conclusions form the minor premises 
of the following episyllogisms ; and the Gocleman,m which 
they form the major premises. Tlie symbolic expression of 
(‘acli may be thus given — 

Aristotelian Sorites — Every S is X 
Every X is Y 
Every Y is Z 
Every Z is P 

Every S is P 

Qoclenian Sorites — Every Z is P 
♦ Every Y is Z 

Every X is Y 
E very S is X 
/. Every S is P 

If both forms are analysed into their constituent syl- 
logisms, it will be seen that iii the Aristotelian ^orm the 
omitted conclusions — which we enclose in square brackels 
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—form the minor, and in the Goclenian form the major, 
premises of the succeeding episyllogisms. 

Analyeis of Aristotelian Sorites, 

(1) Every X is Y (major) 

Every S is X (minor) 

[Every S is Y] (conol.) 

(2) Every Y is Z (major) 

_ [Every S is K] (minor) 

[ Every S is Z] (concl.) 

(3) Eve)y Z is P (major) 

[Every S is Z] (minor) ' 

.*. Every S is P (concl.) 

Analysis of Goclenian Sorites. 

(1) Every Z is P (major) 

Every Y is Z (minor) 

[Every Y is P\ (concl.) 

(2) [Every Y is P] (major) 

Every X is Y (niinor) 

/. [Every X is P] (concl.) 

(3) [Every X is P] (major) 

Every S is X ( minor) 

Every S is P (conol.) 

It is evident that the two forms agree in the fact that 
each omitted conclusion is a premise of the following 
syllogism. Now, this advance from previous to conse- 
quent inferences is the characteristic of progressive reason- 
ing ; it is, therefore, an error to speak of the Goclenian 
Sorites, as some logicians have done, as a regressive form 
of reasoning. 

Either form of sorites may be entirely composed of 
hypothetical propositions. In the Goclenian Sorites the 
last preiqjLse may be categorical, and then the concluding 
eiithymeme is the abridged form of a mixed syllogism, in 
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which the categorical minor premise either affirms the 
antecedent, or denies the consequent, of the implied, 
conclusion of the preceding prosyllogism ; e.g . — 


If C, then D, 
If B, then C, 
If A, then B, 
_ A, 

/. D. 


If C, then D, 
If B, then C, 
If A, then B, 

_ Notjp, 

-•7 Not a” 


In the Aristotelian Sorites, however, the same result can 
only be obtained by adding to the sorites a categorical 
minor premise, and then regarding the implied conclusion 
of the preceding prosyllogism as the major, instead of the 
minor premise of the last episyllogism. In other words, a 
mixed syllogism at the end of a sorites must, in all cases, 
correspond to the Q-ocleniau form ; e.g . — 


If A, then B, 
If B, then C, 
If C, then D, 
A, 

. " D. 


If A, then B, 
If B, then C, 
If C, then D, 

N ot P, 

. . Not A. 


The following example of a categorical Aristotelian 
Sorites may be quoted : ‘ Action is that in which happi- 
ness lies ; what contains happiness is the end and aim ; 
the end and aim is what is highest; therefore, action is 
what is highest.’ ^ As an instance of a similar sorites com- 
posed of hypothetical propositions we may give : ‘ If any 
man is avaricious, he is intent on increasing his wealth ; if 
he is BO intent, he is discontented ; if he is discontented, 
he is unhappy ; therefore, if any man is avaricious, that 
man is unhappy.’ In the following the last syllogism is a 
mixed hypothetical : * If the soul thinks, it is active ; if it 
is active, it has strength ; if it has strength, it is a sub- 
stance ; now the soul thinks ; therefore, the soul is a sub- 
stance.’ In all these cases, if we reverse the order of 
premises, we get a sorites of the Goclenian form. 


' Aristotle : Po€tic8y vi. 
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(ii) Special Buies of the Sorites. 

(a) The Aristotelian Sorites. In this form of sorites, 
the predicate of the last premise is, in the conclusion, 
affirmed or denied of the first subject, through one or more 
intermediate propositions. Each intermediate term must, 
therefore, be affirmatively predicable of the whole of the 
preceding one, or the chain of connexion is broken. This 
gives us the two following as 

Special Buies of the Aristotelian Sorites : 

1. Only one premise, and that the last, can he negative. 

2. Only one premise, and that the first, can he par- 

ticular. 

The necessity of these rules is evident when the sorites 
is analysed into its constituent syllogisms. 

Buie 1. More than one premise cannot be negative ; for, 
as a negative premise in any syllogism necessitates a 
negative conclusion, if more than one premise in the sorites 
were negative, one of the constituent syllogisms would 
contain two negative premises. 

If any premise in the sorites is negative, the conclusion 
must be negative ; therefore, the predicate of the conclusion 
must be distributed in the last premise, of which it is th*' 
predicate ; that is, the last predicate must be negative. 

Bvde 2. As every premise except the last must be 
affirmative, it is evident that if any, except the first, were 
particular, it would involve the fallacy of undistributed 
middle. , 

(h) The Goclenian Sorites. In this form of sorites the 
pr^cate of the first premise is, in the conclusion, either 
affirmed, or denied, of the subject of the last, through one 
or more intermediate propositions. Each intermediate term 
must, therefore, be affirmed universally of the succeeding 
one, or the necessary connexion will not be secured. We, 
thus, get the two following as 

Special Buies of the Godeniau Sorites : 

1. Only one premise, and that the first, can he negative. 

2. On^ one premise, and that the last, can he particular. 
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A consideration of the constituent syllogisms again shows 
the necessity of these rules. 

Rule ]. As in the Aristotelian sorites, a plurality of 
negative premises would result in one of the syllogisms 
containing two negative premises. 

If any premise is negative, the conclusion must be nega- 
tive; therefore its predicate must be distributed in the first 
premise, of which it is the predicate ; that is, the first pre- 
mise must be negative. 

Rule 2. If any premise but the last were particular, 
the conclusion of the syllogism in which it occurred would 
also be particular, and, as that proposition would bo the 
major premise of the succeeding syllogism, we should have 
the fallacy of undistributed middle. 

The above rules assume, in each case, that the sorites is 
entirely in the First Figure ; that is, that each of the 
constituent syllogisms is in that figure. 

4. Epicheiremas. — An Epieheirema is a regressive 
chain of reasoning abridged by the omission of one 
of the premises of each prosyllogism. 

Each prosyllogism, therefore, appears in the epieheirema 
as an enthymeme, though the episyllogism is stated in full. 
Each prosyllogism furnishes a reason in support of one of 
the premises of the episyllogism, and the whole epieheirema 
may be described as a syllogism with a reason given in 
support of one or both of its premises. 

When one premise only is thus supported, the epi- 
cheirema is Single ; when both are furnished with reasons, 
it is Double] and when those reasons themselves have 
other reasons attached to them, it is Complex. The 
progress of thought in an epieheirema is from the epi- 
syllogism^to the prosyllogisms on which it depends ; from 
the conclusion to the principles which support it. 

Symbolic examples of the Double Epieheirema are — 

(1) Every M is P, because it is Xf 
Every S is M, because it is K, 


4 
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(2) Every M is P, because every A is, 

Every S is M, because every B is, 

. • . Every S is P. 

In the first case the enthymemes expressing the reasons 
are both of the first order, the suppressed major premises 
being Every X is P, and Every Y is M. In tlie second case 
both the enthymemes are of the second order, tlie implied 
minor premises being Every M is A, and Every S is B. Of 
course, both need not be of the same order. If we leave 
out one of the reasons in either of the above examples we 
have a single epicheirema. 

We will now illustrate what lias been said by material 
examples of the two forms of double epicheirema given 
above. 

(1) ‘All unnecessary duties on imports are impolitic, 

as they impede the trfide of the country; ihe 
American protective duties are unnecessary, as 
they support industries which are quite able to 
stand alone; therefore, the American protective 
tariff is impolitic.* 

(2) ‘All Malays are cruel, because all savages are ; all 

the aboriginal inhabitants of Singapore are 
Malays, because all the natives of that part of 
Asia are; therefore, all the natives of Singapore 
are cruel.’ 
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FUNCTIONS OF THE SYLLOGISM. 

1. ITniversal Element in Deductive Seasoning. — 

The essential feature of syllogistic reasoning is the sub- 
sumption of a particular case under a general rule ; in other 
words, every deductive inference must rest on a universal 
‘ element. This necessity has been denied by certain writers, 
of whom Mill may be taken as representative. He says : 
** All inference is from paHiculars to particulars : Gleneral 
propositions are merely registers of such inferences already 
made, and short formulae for making more: The major 
pi^emise of a syllogism, consequently, is a formula of this 
description : and the conclusion is not an inference dra?wn 
from the formula, but an inference drawn according to 
the formula : the real logical antecedent, or premise, being 
the particular facts from which the general proposition 
was collected by induction.” ‘ To which he adds in a later 
passage that the “ universal type of the reasoning process ” 
IS “ resolvable in all cases into the following elements : 
Certain individuals have a given attribute; an individual 
or individuals resemble the former in certain other attri- 
butes; therefore they resemble them also in the given 
attribute.” * 

We frequently do reason by analogy from our experi- 
ence of particulars to another particular instance, and such 
reasoning is fairly described in the last sentence quoted 
above frofti Mill, though we must demur to the claim that 
it is the " universal type of the reasoning process.” Such ar- 
guments are often fallacious, but even when they are valid, 
on what do they really rest ? Surely on an implicit univer- 
sal, that is, on the presence in all the cases of an identical 

1 LogiCy Book II., Ch. iii., § 4. ^ Ihid\ § 7. 
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element. It is not from the concrete case in ail its aspects 
— that is, as a particular — ^that the conclusion is drtiwn,- 
but only from this point of identity which relates that case 
to the new one. And such a common bond is what is 
meant by a universal. Similarity implies such identity ainid 
some diversity. When we conclude from one case toother 
cases similar to it, it is the identity, not the differenci^, 
which carries our thought from the one to the other. 

This is evident upon a careful examination of an example 
Mill himself gives : ** It is not only the village matron, who, 
when called to a consultation upon the case of a neighbour’s 
child, pronounces on the evil and its remedy simply on the 
recollection and authority of what she accounts the similar 
case of her Lucy.” ^ But why does she account it “ a similar^ 
case”? Is it not because she regards the symptoms 
observed in both cases as marks of the presence of one and 
the same disease ? But if so, she is reasoning, not from 
her Lucy as an individual but, from the universal con- 
nexion between a certain disease and the symptoms Lucy 
exhibited in her sickness ; and thence she infers that the 
remedies which proved efficacious in that case will prove 
equally beneficial. And she will be ready if need arises to 
make this inference, not only in this new case of the neigh- 
bour’s child but, in all similar cases which may be brought 
under her notice. Though, then, she may never have 
formulated her belief in a generalised statement, yet she 
thinks it implicitly as a universal, and shows her thought 
by her readiness to act. 

Thus, even in cases where the inference at first sight 
seems to be founded on one or more particular experiences, 
it is really based on the recognition of the universal ele- 
ment in which they agree ; and this may be expressed in a 
general proposition which forms the major premise of a 
syllogism. 

2. Validi^ of Syllogistic Seasoning.— Not only has 
the syllogistic process been asserted to be valueless, but 
its very validity has been frequently denied, on the ground 


1 Ibid., § 3. 
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that it involves the fallacy of petitio principiL Strictly 
speaking, this should mean that the conclusion of every 
syllogism is itself assumed as one of the premises ; but, 
more loosely, it is held to imply that the premises pre- 
suppose the truth of the conclusion, and cannot, therefore, 
be used to establish it. This argument was advanced, in 
the third century, by Sextus Empiricus, who said that the 
major premise must result from a complete testing of every 
instance which can come under it, and that, therefore, to 
deduce an individual fact from a general principle is to 
argue in a circle. The same argument has been adopted 
by the empiricist school generally. Thus, Mill says : “ It 
must be granted that in every syllogism, considered as an 
Wgument to prove the conclusion, there is a petifin prin- 
eipii ; . . . that no reasoning from generals to particulars 
can, as such, prove anything : since from a general princi- 
ple we cannot infer any particulars, but those which the 
principle itself assumes as known.”* Mill then proceeds 
to argue, as we have seen, that the real inference is from 
particulars to particulars, and that the syllogisui is merely 
a guarantee of the validity of those inferences. 

If a universal proposition were a mere ‘ universal of fact,' 
or summary of examined particulars, the cogency of this 
objection to the syllogism could not be denied. But in 
our examination of the universal judgment we saw that 
this was not so, and that the ground for such a judgment 
is not a complete counting but an . analysis of content 
which establishes a necessary connexion of attributes. So 
the objection falls to the ground. Indeed it is itself a 
PetitiOj as it assumes that the universal judgment originates 
in the only way which could lay it open to the charge 
The truth of such a proposition is recognised, and even 
held to he necessary, before the totality of instances wdiich 
come under it have been examined, or are, indeed, known. 
For instance, the laws of Kepler are syllogistically applied 
to all newly discovered planets and satellites without a 
doubt of the accuracy of the conclusion. Similarly, the 
universal validity of the law of gravitation was held to be 


* Logict Book II., Ch. iii., § 2. 
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SO certain, that when the observed orbit of the planet 
Uranus appeared to violate it, the existence of a disturbing 
cause was inferred — an inference which led to the di8covei7 
of the planet Neptune. 

Again, a syllogistic inference requires the combination 
of both premises, but the objection we are considering* 
involves the tac'it assumption that the minor is unneces- 
sary. If, when you have admitted the major premise, 
you have assei'ted^the conclusion, the minor premise is 
i^uperfluous. But the necessity of the minor premise is 
granterl, and this necessity is a proof that such an infer- 
ence is not a petifio principii. 

If the syllogism were really open to the charge oipetitw - 
principii, it would, of course, follow that no advance could 
be made in knowledge by its means. But the objection 
springs from a too objective view of logic ; from neglect- 
ing to remember the difference between what is in the 
facts of the external world, and what we know to he in 
them. Inference cannot, of course, give us more than 
already exists in the world, but it ma^ help us to see and 
understand more. It is, indeed, our imperfect knowledge 
wliich makes inference of new truths possible. Were our 
knowledge complete, all truths would lie open before us, 
and such inference would be both unnecessary and impos-^ 
sible. For the truth of the conclusion is, in fact, concomi- 
tant with that of the premises from which we deduce it ; 
it does not succeed them, though our perception of it 
may follow our perception of them. * 

For, though the objectors to the syllogism deny the fact, 
it is certaiidy possible to accept the premises without) 
deducing the conclusion. The shortness of the syllogistic 
process, and the triteness of the examples of it commonly 
given, disguise this possibilit}^ and give plausibility to 
the assertion that no advance in knowledge is really made 
by syllogism. But, because, as statements of fact, the pre- 
miss contain the conclusion, it by no means follows that 
“ in studying how to draw the conclusion, we [are] study- 
ing to know what we knew before. All the proposition s- 
of pure grometry, which multiply so fast that it is only a. 
sftiall and isolate class even among mathematicians who 
I. L. la 
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know all that has been done in that science, are certainly 
contained in, that is necessarily deduciblo from, a very few 
simple notions. But to he knovm from these premises is 
very different from being known with them. Another 
fomi of tlie assertion is that consequences are virtually 
contained in the premises, or (I suppose) as good as con- 
tained in the premises. Persons not s2>oiled by sophistry 
will smile when they are told that knowing two straight 
lines cannot enclose a sj)ace, the whole is greater than its 
part, elc. — tliey as good as know that the three intersec- 
tions of o})2K)site sides of a hexagon inscribed in a circle 
must bo in the same straight line. Many of my readers 
will learn this now for the first time ; it will comfort them 
much to be assured, on many high authorities, that they 
virtually knew it ever since their childhood. They can 
now ponder upon the distinction, as to the state of their 
own minds, between virtual knowledge and absolute igno- 
rance.”^ 

Nor, indeed, even were this objection true would it be 
to the point. It is a psychological, not a logical, objec- 
tion. A proof does not cease to be a proof l)ecause it is 
thoroughly familiar to any individual mind. The conclu- 
sions of geometry, for example, do ncrt cease to be infer- 
ences from mathematical axioms and definitions because 
the process of reasoning by which tliey are reached is 
understood and remembered. We may, indeed, look upon 
a formally stated syllogism as an analysis of the mode of 
deductive inference, and as such an analysis it makes ex- 
plicit elements which, in the actual drawing of the infer- 
ence, may be implicit, and so escape superficial observation. 
But, as was shown in the last section, in all deductive in- 
ference, there must be an application of a universal judg- 
ment to a particular case ; in other words, the elements of 
syllogism must be present though each may not separately 
engage attention. 

We may, then, sum up our answer to the charge of 
vetitio principii brought against the syllogism under four 
neads — ^the major is essentially not a mere summation of 


* De Morgan, Formal LfOyic, pp. 44-45. 
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observed instanbes ; the minor is a necessary part of every 
syllogism; it is possible to accept the premises without 
drawing the conclusion, and hence to mahe progress in 
knowledge by means of syllogism ; and the fact of infer- 
ence depends on the rigidity of the proof, not on its 
novelty. 

3. Llmitatioiitt of Syllogistic Beasoning. — Having 
shown the validity and value of the syllogism, we have now 
to enquire whether it is the only type of valid mediate 
inference. This has been strongly asserted by many 
logicians. 

In opposition to these claims it has been pointed out* 
that the syllogism deals only with propositions which 
express the relation of subject and attribute, and that 
inferences from other relations, though they may he per- 
fectly valid, not only are not made syllogistically but, 
cannot be satisfactorily expressed in that form. Such, for 
example, is the argunientum a fortiori — A is greater than B, 

B is greater than C ; thereforcy A is greater than C. Various 
attempts have been made to express such arguments syllo- 
gistically, the most successful of which is Mansel’s : ’ 

** Whatever is greater than a greater than 0 is grecUer 
than C, 

A is greater than a greater than (?, 

“ ThereforSy A is greater than C.” 

But the whole argument is really assumed in the major 
premise, and the inference is, therefore, invalidated by 
a petitio principii; moreover, B does not appear in the 
premises, which cannot, therefore, express the whole argu- 
ment. 

If, then, account is to be taken of all valid inferences, 
we need a Logic of Belaiives which “shall take account 
of relations generally, instead of those merely which are 
indicated by the ordinary logical copula ‘is.’”* Such a 
logic has never been worked out, and, perhaps, never will 

^ Artis Logicae Rttdimenlay 3rd Ed., p. 198. 

• Venn, Symbolic LogiCy p. 400. 
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be ; for, as Dr. Venn says : ** the attempt to construct a 
Logic of Eelatiyes seems . . . altogether hopeless owing 
to the extreme vagueness and generality of this conception 
of a Belation.” ^ Mr. Bradley, however, gives a list of 
relations, which though it “does not pretend to be com- 
plete ” is yet, probably, the best classification which has 
yet been put forward. He calls them “ principles of in- 
ference,’* and enumerates five — 

(1) Synthesis of Subject and Attribute. Under this all 
syllogistic inferences can be brought. 

“ (2) Synthesis of Identity. Where one term has one 
^ and the same point in common with two or more 

terras, there these others have the same point 
in common ... as ‘ If ^ is the brother of fl, and 
B of Cf and C is the sister of Z7, then A is the 
brother of Z).’ 

“ (3) Synthesis of Degree. Wlien one term does, by 
virtue of one and the same point in it, stand in 
a relation of degree with two or more other 
terms, then these others are also related in 
degree . . . as ‘ >1 is hotter than B and B than £?, 
therefore A than ” The argumentnm a fortiori 
comes under this head. 

“(4 and 5) Syntheses of Time and S^pace, When one and 
tlie same term stands to two or more other terms 
in any relation of time or space, there we must 
have a relation of time or space between these 
-others. Examples : * >1 is north of B and B west 
of C, therefore C south-east oi A ' ; *A is a day 
l)efore 5, B contemporary with Z?, therefore C a 
day after A.' 

The validity of the arguments in classes (2) to (5) may 
be granted at once, as may the fact that they are not 
syllo^stic. But it must be pointed out that, strictly 
speaking, neither are they deductive; for in them is no 
subordination of a special case under a general principle. 
They depend upon definite and abstract relations, such 

* Ihid.t p. 403. * Logic, pp. 243-244. 
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that the mere combination of the given elements reveals the 
whole system. If A is north of B and C is an equal 
distance east of B we know that A is north-east of C by 
the mere examination of these given relations. To put it 
into syllogistic form would be lK)th misleading and absurd. 
The abstract relations of north and east are not, therefore, 
the implied major premises of the arguments. 

Of course, the recognition of the validity of such in- 
ferences does not mean the rejection of the syllogism, but 
only its restriction to its proper sphere. As Leibniz sayd : 

“ The discovery of the syllogism is one of the most beauti- 
ful and greatest ever made by the human mind ; it is a 
kind of universal mathematic whose importance is not i 
sufficiently known, and when we know and are able to 
use it well, we may say that it has a kind of infallibility : — ‘ 
nothing can be more important than the art of formal 
argumentation according to true logic.” ^ 

4. Syllogistic Fallacies. 

(i) Abstract. — Violation of any of the fundamental 
rules of syllogisms may be either open, or hidden by the 
ambiguities of language. In the former case we have 
abstnict syllogistic fallacies, and in the latter case con- 
Crete syllogistic fallacies. The former we have already 
dealt with in connexion with our consideration of the rules 
of syllogism.* They take one of the three forms — 

(a) Undistributed Middle. 

{h) Illicit Process of the Major Term. 

(c) Illicit Process of the Minor Term. 

It is sufficient here to add to what was there said that 
these are all at bottom instances of the most general syllo- 
gistic fallacy of four terms. To have an undistributed 
middle is formally equivalent to having two distinct 
middle terms, for there is no assurance that the reference 
is in both cases to the same part of the denotation of that 
term, and we cannot, therefore, assume in any case that 
it is so. Similarly, if illicit process, either of the major or 
of the minor term, is committed, we have again four terms 

* Nouveavx Essais, iv., 17, § 4. * ^ See pp. 209-211. 
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in the apparent syllogism, for the extreme term which is 
illicitly distributed in the conclusion is different in its 
reference from the corresponding extreme term contained 
in the premises. In every case of syllogistic fallacy, there- 
fore, the apparent syllogism is really a ‘ logical quadi-uped.’ 

(ii) Concrete. — Not different in the ultimate form of 
the error are the concrete syllogistic fallacies, though in 
them the fallacy is veiled by the use of ambiguous lan- 
guage. But when these ambiguities have been pierced 
through, the fallacy in every case stands revealed as an 
instance of four terms. All the cases of fallacy due to 
ambiguities of language which we have already considered^ 
lead to such syllogist ic fallacy when the propositions con- 
taining them are used in syllogistic argument. The ambi- 
guity is most frequently found in the middle term, though 
this is not always the case. The fallacy of composition 
or division, for instance, is generally based on a confusion 
between the collective and distributive use of the minor 
term. It is unnecessary to discuss at length this class of 
fallacies, but the reader will be well advised to examine 
each form of ambiguity as committed in relation to each of 
the terms of syllogism and to decide to which of the three 
formal syllogistic fallacies it leads. 

' See Chapters VI. , X. 



CHAPTER XXIV. 


GENERAL NATURE OP INDUCTION. 

1. Basis and Aim of Induction. — As an instrument 
of thought the syllogism is restricted in its scope. It 
endeavours to secure the consistency of its conclusion with^ 
the premises from which it is derived. Whether the 
premises are true or false is immaterial to its formal 
validity. As soon as any serious investigation of experi- 
ence is undertaken its inadequacy to express the course 
which thought actually takes in the attainment of truth 
becomes obvious. If we suppose the principles themselves 
to be questioned, or if thought is concerned about matters 
on which no recognised principles have been formulated 
and seeks to find them, the syllogism affords no test by 
which to establish or reject such propositions. Now the 
first condition of scientific thought is that it is throughout 
subject to the control of fact. The fact may be an event 
in the outer world attested by observation or by testimony, 
or it may be an occurrence in the mind, or a relation found 
to obtain in the actual world. But everywhere the appeal 
is to fact. And this appeal the formal process of » the 
syllogism is powerless to make. This does not imply that 
the syllogism is discarded ; it forms, as we shall see, an 
integral part of inductive enquiry besides having a value 
of its own in the setting forth of proofs. 

‘ Induction ’ in this sense includes the whole method by 
which modern science attains to knowledge. Its aim is to 
arrive at universal propositions which as expressions of 
the essential character of phenomena are known as laws. 
Thus in political economy we have the law of diminishing 
returns which states that after a certain point is reached, 
other things remaining the same, the returns to successivo 

279 
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applications of labo^ and capital to any portion of land 
will continuously diminish; in physics we have Boyle’s 
law that the volume of a gas varies inversely as the 
pressure to which it is subject at a fixed temperature. 

Now it is obvious that neither of these laws can be matter 
of direct experience. For we do not know land except in 
particular portions, nor gas except in its varieties: how 
then can we make s^tements about land or gas in general ? 
Consider the case of a farmer who has found in the culti- 
vation of a certain field that an increase in the labour and 
capital expended on it is bringing in a less proportionate 
return year by year. This series of events is unique and 
will never recur. It relates to a particular object, in a par- 
ticular place at a particular time. As a record it is merely 
a matter of history : a narrative of what occurred in tlio 
past. Yet he will not treat it so. He will use his ex- 
pei’ieiice as a guide to his treatment of the rest of the 
farm. In other words he will roughly generalise what in 
itself was unique. And the political economist, meeting 
with such instances, will formulate the generalisation witli 
greater exactness into a law. Moreover, Ije will use the 
law confidently to interpret economic riddles of the past 
and to shape a policy for the future. 

Now what are the assumptions which underlie this 
procedure? First of all, while the particular fact is 
individual and thei-efore different from every other fact, 
it nevertheless results from certain conditions without 
which it would not have been at all. On some of these 
conditions depend the special features of the fact which 
are being investigated — in the case of the land, for in- 
stance, the diminished ratio of the returns to the ex- 
penditure. Other aspects are for the time being neglected, 
and if the conditions of those under consideration can be 
exactly determined, we assume that wlierever the like 
conditions recur another instance of the phenomena will 
be found. The statement of these conditions is purely 
abstract, for it simply asserts that whenever they occur a 
determinate result will follow — symbolically, If A then S. 
The particular is thus regarded as exemplifying the 
universal whicJj ctin be read out of it bv a process of 
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thought. The extension to cases that have not been 
investigated is justified by an appeal to the principles of 
•causation and of the unity of nature. These two principles 
are the pre-suppositions of all induction.^ 

The universal is not easily discerned in the particular ; it 
does not leap to the eye of the observer however careful 
he may be. His observations must be guided and inter- 
preted by a methodical train of thought, by reasoned con- 
jectures, and by an ever fresh scrutiny of the relevant facts. 

An easier and more natural way of making a generali- 
sation would seem to l)e to count the instances in which 
the relation is present and to argue from its uncontra- 
dicted frequency to its universal prevalence. The argument^ 
would run that since the relation has held good in every 
instance that has been met with, it will continue to hold 
good in all further examples of the same kind. 

Aristotle drew attention to this process of seeking the 
universal on the basis of a careful enumeration and ex- 
pressed the conditions which it must fulfil if it is to be 
of any value. He also set forth its relation to the doctrine 
of the syllogism. Taking as an example the absence of 
bile in certain long-lived animals, he exhibited the in- 
duction as a syllogism in Figure III. 

Man, horse, mule, etc., are long-lived. 

Man, horse, mule, etc., are bileless. 

.’. Bileless animals are long-lived. 

How this is formally invalid imless the class of bileless 
animals is co-extensive with the animals enumerated in 
the subject of the minor premise ; so that the term ‘*bile- 
less’ may be read as ^all bileless animals,’ thus making 
possible the simple conversion of the minor. For Aristotle 
such a complete enumeration was quite feasible since in 
accordance with the current view it was always possible to 
name the species of a genus ; and man, horse, mule, etc., 
iMe not individual things but species of the genus animal. 
His analysis, therefore, shows that he did not regard the 
element of counting as equally important with that of 
connexion of content. 

* See next chanter- 
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Later logicians tended to subordinate this rational ele» 
ment in the doctrine of Aristotle to that of enumeration. 
Thus arose the distinction between * Perfect Induction,^ 
in which the subject is known to be a complete enumera- 
tion of the denotation of the predicate of the minor 
premise, and ‘ Imperfect Induction,* in which this cannot 
be assured. 

To the so-called perfect induction the title of inference 
has been denied by many modern logicians. For in it the 
conclusion merely states in a more convenient form what 
has been already expressed in the premises. Thus in 
speaking of the books ranged on a certain shelf I may say 

ah cd are bound in red, 

ahcd . . are all the books on the fourth shelf, 
all the books on the fourth shelf are bound in red. 

Instead of tediously reciting the titles of the works and 
predicating red binding of them severally, I may use the 
conclusion as a serviceable abridgment. The step is not 
one of inference from the given premises, but a summary 
of the information they convey. 

Moreover, it is rarely possible, even if it were sufficient^ 
to enumerate completely the particular things under in- 
vestigation, and if the enumeration is not complete, then 
any inference based on it is more or less uncertain, and is 
always liable to be overthrown. As Bacon pointed out : 
“ That induction which proceeds by simple enumeration is 
a puerile thing, and concludes uncertainly, and is exposed 
to danger from any contradictory instance, and for the 
most part pronounces from fewer instances than it ought, 
and of these only from such as are at hand.”‘ The utmost 
we are ever entitled to say as the result of such a method 
at its best is that certain things always have been and are. 
We can never conclude that they necessarily must be. At 
most there is a probability which in certain cases may 
amount to practical certainty that the expectation aroused 
will be realised in any further case that may come under 
observation. Some other way, then, than that of enumerfiu 
tion must be found for the detection of the universal, and 

• c 

^ Novum Organon, Bk. <1-7 p. 105. 
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in modem science enumeiution is always subordinate to 
analysis. 

N ow the data of experience are concrete, and as concrete, 
exceedingly complex. Thought assumes that each element 
in this complexity is the necessary expression of uniyersal 
law, so that every particular is, as it were, the centre of 
many universals. To discover any one of them it is 
necessary to isolate it from the rest in thought ; to create, 
as it has been expressed, a kind of void around it so that 
it may stand out naked and clear of the details in which it 
is embedded and which are irrelevant to it. These details 
may be different in every instance of the phenomena, and 
it is only when they are set aside that the essential con- 
ditions on wliich the universal depends become apparent.* 
Consequently, the process by which we reach the know- 
ledge of the exact form of any law of relation is one of 
analysis, and one which offers abundant opportunities for 
error. The relations as we conceive them in thought may 
not be the relations which actually hold. Then, sooner 
or later, we come to contradiction in our explanations, 
and see the necessity for a revision of our mental (Con- 
struction. 

It is in relation to analysis that the advantage of a 
plurality of instances is found. Tlie form of any universal 
law is often more clearly and easily seen when comparison 
of instances which are known, or beheved, to exemplify it 
enables the observer to disregard the unessential elements 
in each concrete particular. It is here that number of 
instances has a place in induction. They assist us in 
analysing the conditions of the given, but it is from those 
conditions, and not from the instances as such, that the 
inference is made. If the conditions can be exactly ascer- 
tained in a single instance — as in the case of many chemi- 
cal experiments — then no plurality of instances is needed, 
unless, indeed, there is some doubt as to the accuracy of 
the experiment, when, of course, its repetition may be 
*^tBcessary to remove that doubt. The only cases in which 
&n inference is made from number of instances as such is 
when it is impossible — at any rate for the time — ^to ascer- 
tain the conditions of, the phenomenon in question ; and 
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then the inference only yields a certain amount of pro- 
bability/ 

We see then that the aim of induction is knowledge of 
universal laws ; that such laws are abstract, for concrete 
reality only presents us with them encumbered with ex- 
traneous detail ; that, consequently, we can reach them only 
by an analysis of facts, and in this analysis comparison 
of instances may be helpful but is not essential ; that ab- 
straction offers opportunity for error, and that, therefore, 
the form in which we think universal laws may be subject 
to inoditication, till they are conceived as consistently inter- 
related within a system. 

2. Method of Induction. — How then is the analysis 
of phenomena to be conducted? Since the universal is 
not directly open to observation, it can only be grasped 
by thought, A first observation gives acquaintance with 
the facts. These have no meaning apart from the univer- 
sale which they exemplify. Hence the mind is led to con- 
jecture a universal law of relation which will make the 
facts significant, or in other words explain them. Such 
a supposition is called a hypothesis, and before it can be 
accepted it must be subjected to a careful examination in 
the light not only of the phenomena it is intended to 
explain, but also of all established knowledge which seems 
related to them. Indeed the method of induction through- 
out consists in the framing of hypotheses to explain phe- 
nomena given in experience, and the verification of those 
hypotheses by constant appeal to facts. In the process of 
examination and verification it will rarely happen that the 
original hypothesis stands as first conceived. In many 
cases it will be rejected outright; in others it will be 
pruned and re-fashioned until it expresses with greater 
aecurticy th# true nature of the data that eicperience 
affords. When its agreement with known reality is exact 
then its truth is held to be established. 

The testing, re- shaping, and verifying of hypotheseaf 
may proceed m^i^ly by either of two methods, the one' 


1 (7/ Ch. 82. 
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direct, the other indirect. The causal relation jnay be such 
that the sequence lies;. open to obserration, or the cause 
may so far admit of niatiipulation as to be controlled by 
experiment. Then the behaviour of the cause in relation 
to the effect can be watched to some extent directly. It 
is here that the methods associated with the name of Mill 
have their chief importance.^ They all aim at exhibiting 
to observation a simple causal sequence by means of a 
definite variation of accompanying circumstances. 

On the other hand the indirect method makes use of de- 
duction. When a hypothesis has been formed its conse- 
quences are inferred. These are then compared with the 
phenomena under investigation to see if there is agreement 
between the two. Such agreement is the minimum test to * 
be satisfied if the hypothesis is to be accepted as the state- 
ment of a real causal relation. This method may be used 
as well as the direct method in those cases where, though 
the cause is of such a nature as to make experiment impos- 
sible, nevertheless the causal sequence is open to observa- 
tion amid diverse surroundings. But its special sphere 
is found where the direct methods of observation and 
experiment are inapplicable. The causal relation is often 
hidden from view, and then there is no other resource but 
to devise a hypothesis which, by the consequences it neces- 
sitates, explains the facts as they are. This method, then, 
is necessarily used where we are compelled to start from 
certain given effects, and from them infer the causes, be- 
cause direct observation of the causal sequence is then impos- 
sible. This is well illustrated in the explanation of pre^nt- 
day geological phenomena by the geologist; or in t^e 
causes assigned by the historian for the growth of an 
institution such as Parliament. Indeed geology, history 
and the social sciences are almost entirely dependent on 
the indirect method as a method of investigation. 

The essence of the method of induction is clearly put by 
De Morgan: “Modem discoveries have not been made 
by large collections of facts with subsequent discussion, 
separation, and resulting deduction of a truth thus ren- 


» See Ch. 30. 
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clered^i|>erce|>til>le. A few facts have suggested an hypo- 
thesis, which means a supposition proper te explain them. 
The necessary results of this Supposition are worked out, 
and then, and not till then, other facts are examined to 
see if these ulterior results are found in nature. The 
trial of the hypothesis is the special object ; prior to which 
hypotheses must have l>een Parted, not by rule, but by 
tliat sagacity of which no description can be given, pre- 
cisely because the very owners of it do not act under laws 
perceptible to themselves. The inventor of hypotheses, if 
pressed to explain his method, must answer as did Zerah 
Ooll)urn, when asked for his mode of instantaneous cal- 
culation. AVhen the poor boy had been bothered for some 
time in this manner, he cried out in a huff, ‘ Glod put it 
into my head, and 1 can’t put it into yours.* Wrong 
hypotheses, rightly worked from, have produced moie 
useful results tJian unguided observation,*’^ 

The essential steps in the inductive method then are — 

(1) A first observation of facts. 

(2) The formation of a hypothesis suggested by this 

observation. 

(3) Tlie deduction of the consequences of this 

hypothesis. 

(4) The testing of these consequences by h careful 

analysis oi phenomena, and the consequent 
exact formulation of the h 3 rpothe 8 is, which 
then, as expressing the true universal nature 
of reality, is verifi^ and received as im estab- 
lished theory or law. 


^ Btidget of Paradoxes, pp. 95-56. 



CHAPTER XXV. 

THE POSTULA-TBS OP INDUCTION. 

1. Tli« Bases of Generalisation. — So far as the system 
-of knowledge is constituted by means of inductive inference 
a new problem arises. Induction begins with particulars > 
and establishes universals. The relation which is exem- 
plified here and now is extended to cover all cases of the 
Same kind, past, present, and future. The statement** this 
or that fire bums ” is generalised into “ fire burns,** and 
wherever fire may be met with we are confident that its 
natttre will be the same. But what right have we to affinn 
on the ground of past experience that such will be the 
case? How can we know that the fire that is kindled 
to-morrow will not cool instead of scorch the hand that is 
thrust too near it, or will not burst into fiercer flamo as 
water is poured upon it? The answer is that if such 
things were possible the organisation of experience could 
not be attempted, so life would l>e impossible. Science 
refuses to limit itself to a mere registration of phenomena 
that have come under its observation, and denies that the 
validity of the principles it discovers is restricted to the 
cases fh>in which they were drawn. It gi*ants that all the 
iustasioe^eannot be examined, but it asserts that Ihis need 
not deter us fifom concluding from one to all, if the nature 
of the one ie thoroughly known. 

Now this position rests on two assumptions, (i) that 
natim is'^e unity and therefore uniform, (ii) that every 
change xpust'^ave a cause. Without these assumptions no 
eysti^ of knowledge of reality could be established. They 
are the postulates of induction, and because of their funda- 
mental iifiportance they must be considered at length. 

^ 287 
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2. Unity of ITatnre. — We can think the universe only 
as a system which remains identical with itself, and which, 
as a whole, does not change. At the same time we know 
that there are unceasing changes in the relations between 
its parts. These, then, must be thought as necessitated 
and determined by the nature of the whole. The univei*8e, 
for example, is of such a nature that all material bodies 
attract each other directly as their mass and inversely as 
the square of their distance. If the universe as a whole 
were different, the changes within it would be different : 
the facts, for instance, which now exemplify the law of 
gravitation woTild be at least partly changed, or they might 
cease to exist. Similarly if the nature of the universe were 
different in one place from what it is in another, then the 
relations which hold in one place would not necessarily 
hold in another, Tlie apple might fall to the ground in 
China and soar to the sky in Peru. We are compelled, 
then to conceive nature as a unity which determines eyery 
relation, and consequently every change of relation, in such 
a way tliat those relations hold true everywhere and always 
of all identical facts. In other words, the idea of unity 
implies that of uniformity, 

W© roay add that if nature were not uniform man could 
neither utilise it in fact nor conquer it in thought. There 
would bo no guarantee that the iron fashioned to-day into 
a serviceable support might not to-morrow possess the 
qualities of pulp, nor that the structure planned in reliance 
on the stability of the present qualities of its proposed 
materials would ever be buUt. Each thing and phenome- 
non would tell of nothing but itself. We could never pass 
with confidence fpom one to another, never plan a moment 
ahead, never gather frotn experience a system of universal 
relations, since no necessary relation would exist. Experi- 
ence woujd then be a never-ending surprise of novelty or 
chance resemblance. Uniformity is thus seen to be a 
without which experience would not be ii^tdligible. 

(i) Origin of Prineiple.— It has boeh h^d that the 
principle of uniformity is derived from the repetition of 
phenomena in sensuous experience. Frcm, ibQ ^/ecuirenoe 
of similar facts in similar circumstances, it is said, the 
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conclusion follows that nature acts in a uniform way. But 
this would only follow if observation gave us nothing but 
instances of uniformity. Now this is exactly what obser- 
vation does not do. “ Every person’s consciousness assures 
him that ho does not always expect uniformity in the 
course of events. . . . The course of nature, in truth, is 
not only uniform, it is also infinitely various. Some pheno- 
mena are always seen to recur in the very same combina- 
tions in which we met with them at first, others seem 
altogether capricious; while some, which we had been 
accustomed to regard as bound down exclusively to a parti- 
cular set of combinations, we unexpectedly find detached 
from some of the elements with which we had hitherto found 
them conjoined, and united to others of quite a contrary 
description.”^ But as nature is thus at once imiforjii and 
multit'orin in the sequences of phenomena which she pre- 
sents to man’s observation, it seems obvious that the idea 
tliftt multiformity is after all only apparent, and that if we 
examine deeper we shall find uniformity, cannot liave been 
derived simply from observation understood as mere sen- 
suous experience. 

Moreover, obseiwation in this sense could only give us 
au expectation that under similar conditions phenomeTna 
already observed will be repeated. And our expectation 
might be disappointed. It would be only a habit that liad 
arisen from the recurrence of similar instances in the past. 
Now “ habit is within us, not outside us,” ^ and we have no 
right to assume that what we have formed the habit of 
expecting will actually come to pass. There would be no 
warraht that our mental disposition represented the course 
of nature, and hence a system of objective knowledge could 
not be built tip on so slender a foundation. 

Such a derivation of the principle is open to the further 
objection that it is arrived at by a process of simple enu- 
meration. The recurrent sequences are counted, and' on 
no other ground than their frequency, they are held to 
indicate uniformity. But this method of reasoning is most 

‘ > Mill, ioj/ic, Bk. III., Ch. iii, % 2. 

’ Liai'd, Let Logique, p. 157. 

I. T.. 19 
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unsatisfactory, and a piinciple that owed all its validity to 
it could not ofter a firm basis for rigid scientific induction.^ 
The cogency of any such enumeration is altogether impaired 
by tlie existence of known instances to the contmry, and 
nature is far from exhibiting an uncontradicted uniformity. 
It is true that the apparent chaos vanishes upon deeper 
investigation. “ But it is just this * interrogation ’ that has 
to be accounted for : it is only upon the supposition of uni- 
formity that wo make the int(*rrogation. How can this be, 
if tlie supposif ion is only derived from the observation of 
uniformity, an observation which presupposes the inter- 
rogation ? ” 

• It is evident, then, that the principle of uniformity is 
not derived from experi(‘nce in the sense of a mere obser- 
vation of facts. Nor is it a jn-iuciple born ready-made 
with every man, on wliich he consciously or unconsciously 
acts. If it were innate in this sense the practices of super- 
stition could not have arisen, and the fabric of savage 
beliefs would have been differently woven. It would have 
be^m impossible to expect the horse-shoe to bring good 
luck, or the damaged shadow to work harm to the man. 
Breaches in popular maxims would long ago have de- 
stroyed their validity as popular guides to actiou. It is 
certain that even to-day a thorough -going belief in uni- 
formity is the exception rather than the rule. As Sigw.'u*t 
says : ‘‘ If we had needed merely to open our eyes in order 
to see ‘uniformity in the course of Nature’ everywhere 
before us, belief in the thorough-going constancy of the 
way in which causes act would not have been so slow’ to 
arise nor have been still only a scientific and not a popular 
belief ; nor would the tendency to make capricious powers, 
demons and gods, responsible for what happens in the 
universe have l^en so deeply rooted.”^ 

The truth is that uniformity is implicit in experience. 
It is there long before men become conscious of it. Indeed 
life itself, even in its most rudimentary form, could not 
^ on without it. When we make it explicit we pass from 

1 Cf. pp. 281-283. 2 Green, Phil, Wwlcs, vol. ii., 283. 

^ Logic^ Eng. Trans., vol. ii., p. 111. 
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experience as felt to experience as thought. Wo then 
recognise that in any valid generalisation from the obser- 
vation of particular facts there is an implicit assumption 
of uniformity, and that knowledge, which is constituted on 
the basis of such generalisations, stands or falls with its 
truth. Since the belief that any particular sequence is 
uniform involves the general principle, the claim that the 
principle itself arises from the repetition of particular 
uniformities cannot be accepte.d. 

It has l)ecome abundantly clear from our discussion that 
the principle of uniformity originates in the attempt to 
systematise experience. There is, of course, a unity in the 
experience of each individual which follows from the factf 
that it belongs to him. But practical life cannot be carried 
far without the necessity arising for a different kind of 
unity. It is important for the purposes of action to know 
what relations hold in the real world, and so the individual 
is compelled to organise parts, at any rate, of his exi)erience: 
for example, the hunter acts on certain practical generali- 
sations which so far unify the facts relative to the chase 
as to enable him when acting on them to bring down his 
prey with greater certainty than he could without them. 
However simple and imperfect these generalisations may 
be, they are formed and acted on with the underlying 
assumption that nature is so far constant that in similar 
circumstances the same measures will bring about the 
same results. 

It is the same when the experiences which are organised 
cover a wider and yet wider range of reality ; and when the 
conception is reached of a system of knowledge in which 
the world shall be known as a totality, with a thorough- 
going' interrelation of parts, it is seen that it cannot lie 
constituted except on the supposition that unifoimity can 
everywhere bo taken for granted. The point of view-^i# 
no' longer that of the individual seeking with more or 
1^8 completeness to reduce his personal experience to 
uluty: it is fliat of science which aims at unifying all 
experience. It is now natm-e as a whole which is dealt 
with^ and^he uniformity demanded no longer applies only 
within Q. parrow department of fact; it must lie operative 
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throujjhout the universe which we attempt to explain. 
Thus the principle is a development of the reduction of 
individual experience to a unity, and is meant to express 
tlie truth that if we set before ourselves as the aim of 
induction the explanation of all experience through gene- 
ralisation, that aim cannot be realised without taking the 
uniformity of nature as a necessai-y postulate. 

(ii) Meaning of Principle. — Briefly the principle 
means that wherever there is identity of conditions exactly 
similaj* phenomena will be found. Wherever, for example, 
hydrogen and oxygen in certain proportions fire ignited by 
an electric spark water will be formed. This meaning 
must be carefully distinguished from that which bases the 
uniformity on resemblance. Mill, for instanc(3, expresses 
it “ that f he unknown will be similar to tlio known, that 
the future will resemble the past.” ‘ Such a general 
assumption tJiat the future will resemble the past we have 
no right to make, and there is no necessity to make it. 
“ The future,” says Green, “ might be exceedingly unlike 
the past (in the ordinary sense of the words) without any 
violation of the principle of inductive reasoning, rightly 
understood. If the ‘likeness* means that the experiences 
of sensitive beings in the future will be like what they 
have been in the past, there is reason to think otherwise. 
Present exjx^rionce of tliis soi*t is very different from what 
it was in the time of the ichthyosaums.”^ Indeed the 
uuifoi'inity of nature does not mean monotony of experi- 
ence. Probably particular events are never repeated 
exactly : there is always some difference, at any rate in 
suiTOundiiig circumstances, which gives the event its indi- 
viduality. Yet this does not prevent us from examining 
the various aspects of events to discover the identity of 
conditions^hich underlie their common features. No two 
thunderstorms are alike, but the conditions on which the 
thunder depends may be ascertained. 

The other half of Mill’s assumption — ^tl»t “ the un- 
known will be similar to the known” — also gives us no 

basis for demonstrative inference. From mere likeness 

« 

' Bk, III., Ch. iii., § 2. » Qp. c*., pp. ‘282-383. 
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of isolated phenomena wo can draw no safe conclusions 
at any time. The argument from resemblance falls short 
of proof : there must be, as we have said, identity of 
conditions. 

Nor wouJd it be correct to accept uniformities, but 
reject tlie uni ty of nature To do so would be to abandon 
the possibility of knowledge. No doubt we do seek tu find 
such uniformities and to express them as laws of nature. 
Yet we do not rest satisfied with a series of independent 
sequences ; we hold that the variety which appears to 
observation is just as much a pai*t of the total system of 
the universe as are tlie instances of uniformity, and that 
it is equally as necessary. To bring the uniformities 
together we endeavour to show that they are parts of the 
one system of nature within which they are in ter- related. 
These considerations lead us to prefer to speak of the 
^ unity ’ rather than the * uniformity * of nature as the 
postulate of induction, 

(iii) Scope of the Principle. — Tlie importance of this 
fundamental principle to the organisation of knowledgti 
is well expressed by Mach. He says: “In the infinite 
variety of nature many ordinary events occur ; while otlier.s 
appear uncommon, perplexing, astonishing, or even con 
tradictory to the ordinary run of things. As long as this 
is the case we do not possess a well-settled and unitary 
conception of nature. Thence is imposed the task of 
everywhere seeking out in the natural phenomena those 
elements that are the same, and that amid all multiplicity 
are ever present. By this means, on the one hand, tlui 
most eooncunical and briefest description and communi(5a- 
tiou are rendered possible ; «and on the other, when once a 
person has acquired the skill of recognising these per- 
manent elements throughout the greatest range and variety 
of phenomena, of seeing them in the same, this ability leads 
to a comjjrehensive, compacty consiHent, and facile concep- 
tion of the facts. When once we have reached the point 
where we are everywhere able to detect the same few 
simple elements, combining in the ordinary manner, then 
they to us as things that are familiar ; we are no 

longer surprised, there is nothing new or strange to us in 
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the phenomena, we feel at home with them, they no longer 
perplex us, they fiMre explained.” ' 

As tli(^ expression of the ground of all uniformity this 
general postulate lies at the root of all classification as 
well as of all formulation of law. The very idea of species 
under a genus involves that different classes of things 
partake in the same general nature, and that they are 
distinguished from each other by essential and regular 
differences. Unless tliere were constancy of this kind 
knowledge would be impossible. If, for example, the 
attributes of iron did not persistently co-exist in a fixed 
and definite way we could not speak of iron at all, for we 
should never know what was meant by the term. The 
organisation of experience could not even begin, for cer- 
tainty would Ik? unattainable. 

3. Function of the Concept of Causation. — One 

aspect of the uniformity of nature is so important that it 
reqiiiies separate treatment. It is that of the uniformity 
which characterises the mutually determined changes of 
relation amongst the elements of the universe. This leads 
us to the discussion of the second assumption underlying 
inductive inference — that every change must have a cause. 
The principle of causation is not independent of that of 
uniformity but rather the most important exemplification 
of it. 

Whenever we attempt to think experience we have to 
take account of the two factors of persistence and change. 
Things persist, and the persisting things change. If we 
regarded change as arising out of nothing and passing 
into nothing then the mind would receive a series of 
isolated impressions which could in no way be related in a 
system of knowledge. Every event would he a miracle : 
and experience would l)e unintelligible. To understand 
experience we must seek the origin of change in the nature 
of the changing thing and in its relations to other things. 
It is an assumption that we shall find it thei’e, but since 
we cannot think experience in any other way, the assump- 
tion is necessary. ^ 

^ Science of Mechanka, Eng. Trans., pp. 5-6. 



§ 3] TONCTION OP THE COi'JCBPT OP CASSATION. ^95 

if 

Causation, then, is one of the forms in which alone we 
can think experience. It is, therefore, involved in all 
experience. That is not the same tiling as saying that it 
is consciously recognised in every case where it is acted on. 
Long b(‘fore men thoiiglit ai)out causation as such, the 
relation of cause and effect was the basis of practical 
activities. In very (‘aiiy times the hunter sharpened his 
arrow, and the larjjier sowed his seed in the expectation 
of definite desirable n‘,sults. So often does a modern 
workman go through industrial processes to-day. 

It is a far ci'v from such implicit recognition of causa- 
tion in practh^al life to its acceptaiu'e in the fullest sense 
as a universal determinant of experience. Indeed, corre- 
sponding to the degn^t? in which individual knowledge ts 
organised there are great variations in the fullness with 
which the idea of causation is gra82)ed by different people. 
It is only the man of scientific thought wlio rt^cognises that 
every event is the outcome of uniform laws, even though 
the complexity of their mode of action is hidden from him. 
“Even thoughtful men usually receive with surprise the 
suggestion, that the form of the curl of every wave that 
breaks, wind-driven, on the sea-shore, and the direction 
of every particle of foam that flies before the gale, are 
the exact effects of definite causes; and, as such, must be 
capable of being determined, deductively, from the laws 
of motion and the properties of air and water.” ' The 
conscious acceptance and application of the general axioms 
of causation are, therefore, a liigher phase in the process 
of interpreting and unifying experience than that iir which 
the existence and regularity of causation are recognised 
in particular instances. 

In order to explain the changes in the world about us, 
which at first seem so chaotic, it is necessary first of all 
to ascertain what follows what, and then to account for 
this sequence by defining clearly the conditions on which 
it depends. What this general statement of the problem 
involves can only be made clear by a fuller examination of 
the nature of causation. 


Huxley : Hume, p. 12*2. 
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4. IVature of Causation. — The essence of the idea of 
cause is that which lias power to produce change, and of 
effect that it is a change which lias been produced and 
not one wliicli lias merely happened accidentally. Under 
causation man lirst tliinks his own efforts to do things: 
he is the efiicieiifc cause of the changes in the world due to 
his elTorfs. To know wliat changes follow each kind of 
effort is evidcMitly the only way in which he can begin to 
organise his activities. To conceive all change as ordered 
by conditions which necessitate it is only a refinement and 
extension of this primitive idea. 

Ill this extension and reftnomeiit there are many stages, 
so that (lie popular idea of cause differs a good deal from 
the sci(*ntific conception. In the former, as is natural, one 
of the chief distinctions drawn between cause and effect is 
that they differ in time. Cause precedes effect, and effect 
follows cause. Observation of uniform sequences gives 
this, and there tlie plain man stops. But to regard such 
observations as proving a universal bond would be to trust 
for our g<meralisation to mere enumeration of instances. 
The scientific thinker must go det^per and lay bare the 
hidden bond of identity which underlies the observed 
uniform sequences. 

Here, as always, science starts from common thought. 
Now such thought regards some event as a cause and a 
subsequent event as an efi'ect. The one may follow the 
other immediately — as death on the blowing out of the 
brains, or at a longer or less interval— as death on the 
taking of poison. Similarly, unjust government may be 
said to cause rebellion — ^yet the people may suffer for 
many years before they rise against their tyrants. If 
we consider such cases we see that we are grouping 
together vast numbers of facts and events as the cause, 
and another^eat mass of happenings as an effect. Amid 
such complexity we cannot expect to find uniformity 
lietween one instance and another except in the most 
abstract sense — and an ‘ abstract ’ sense means a very 
incomplete sense and one very inadequate for explaining 
this particular set of occuri’ences. Tyranny b^s been 
shown in an enonnously large number of ways differing 
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widely from each other: rebellion has taken one form in 
this country, time, district ; another in that. Tyranny and 
rebellion are very abstract terms, and tell us nothing 
definite about actual events. So with death. It is an 
abstraxit term denoting one as[)ect of occurrences all of 
which have not only their own peculiar featui*es, but other 
common featur<‘s which make it possible to classify them. 
So a doctor in giving a cei*tificat(j of death specifies tbo 
cause as such and such a disease, mere senile decay, poison, 
a gun shot, and so on. That is to say, he substitutes for 
the very general and abstrfict effect ‘ death * the more 
specific effect ‘death of such a character because due to 
such a cause.’ 

Evidently he reaches this more definite conclusion by 
analy sing the case l)efore him. But this analysis of neces- 
sity teniis to abolish, so far as it is pushed, tne time 
inteiwal between ‘ cause ’ and ‘ effect.’ When poison, or 
a disease, or mere old age, eventuates in death, it is 
because a certain condition of the body has been reached — 
and that condition does not precede death — it is death. 
Doubtless that condition was sequent on other conditions 
— for all existence is continuous change. But the m&i'e 
condition at one moment cannot by itself give rise to any- 
thing beyond itself: it is not as condition but as process 
that it passes from form to form. The reasons why the 
process goes on in this way rather than in that must Ih^ 
souglit in the permanent and persistent natures of the 
factors that enter into it. When a man takes poison, for 
instance, the properties of the poison brought into effective 
relation with the bodily organism, deteniiine a change in 
the bodily process which would otherwise have gone on 
healthily. The culmination of this series may be death, 
or it may be merely a more or less severe illness. If an 
antidote be taken in time this series of changes may again 
be diverted, and the process be bent in yet another direc- 
tion which may end in re-established hejilth. 

In such cases the taking of poison or of antidote on the 
one hand, and the death, illness, or recovery on the other, 
are well narked events in time, so we make them the 
beginning and end of the event, and label them ‘cause' and 
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‘efFect’ respectively. Such a method is the only way in 
which we can successfully grapple with the complexities of 
existence. But it must he noted that the whole constitu- 
tiou of the event is an arbitrary act on our part. The 
takiiipf of the poison did not l»e^in the life-processes which 
it modi lied, nor did death eitlier begin or end the pro- 
cesses of bodily disintegration. Nor are there always two 
such well-marked points. If death ensues fj-om senile 
decay, who can say when the decadence of old age began? 

What we have, then, is the continuous cliauging uni- 
verse and the power of selecting this or that element of the 
change for examination. But if the change is continuous 
it is clear that the common distinct ion between cause and 
effect is only a matter of conveuieiiee and can be placed 
where it is best ad.ipted for the purpose in hand. A 
doctor in detailing the progress of a disease — a physicist 
or chemist in describing a natural process —will put be- 
tween the ‘ cause ’ and the ‘ (dfect ’ of the common man an 
indetinitely large number of intermediate steps, any one 
of which ensues on changes which have gone before, and 
precedes those that come after, and may, therefore, be 
called indilferently effect or cause according to whether it 
is tbouglit in relation to the former or to the latter. In 
some simple cases of common life this is obviously the 
case. A ilrop of ink on paper ‘causes* a blot; the blot 
is the ‘ effect ’ of that dropping, and so we name the same 
event according to whether we are looking forwards to what 
is to come, or backwards to what has been. But the con- 
tact of ink wdth paper w the blot. Cause and effect are 
different names for the same ‘ event,* appropriate because 
we can think of that event either as a fact to be accom- 
plished or as one already accomplished. 

The more analysis is pushed home the nearer this point 
is reimh^d, at which cause and effect are seen to be the 
same content regarded from different standpoints. When- 
ever the state of things — or totality of conditions — which 
we call ‘ cause ’ is reached there we have the phenomenon 
which we call ‘effect.' Whichever wo name it, it is just 
one momentary phase of the continuous chaijge which is 
wh.it really exists. The distinction between cause and 
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effect is in every case purely arbitrary so far as this con- 
tinuous world-process is concerned. It refers always just 
to some specific problem — to the attempt to understand an 
arbitrarily seh^cted piece of the constant change we see 
around us, and of which we ourselves form part. 

Our analysis will have enabled us to see that when we 
speak of an effect persisting after the cause has ended 
Ave are using the terms only in a loose and popular sense. 
CesBante cansa^ cessat effect us y said the old logical axiom ; 
and in the deeper analysis to which we have been led, Ave 
see that in any sense in Avhich the cause may be said to 
cease, tlje effect of necessity ceases. Even in the looser 
use of terms some instances seem to exemplify this. For 
instance, the withdraAval of the weight from one sc.ale of 
an evenly poised balance destroys the equilibrium of the 
two scales, which was the ‘ effect * of the equality of the 
two weights. But in most cases the opposite seems to 
hold, for the changed conditions persist in a way open 
to observation. The most striking and instructive ex- 
amples are found in mechanics. A blow sets a body in 
motion, and the motion not only continues after the blow 
is ended, but, according to the law of inertia, tends to 
endure for ever, and would actually do so were it not 
counteracted by opposing ‘causes,’ such as gravity and 
friction. Again, if a moving body comes into contact with 
one Avhich is immovable, the former is brought to a state 
of rest, and remains in that state so long as no other in- 
fluence is exerted upon it. In this case we may speak -of 
the fixed body as the ‘ cause ’ of the cessation of movement 
in the previously moving body, just as accurately as we 
may speak of the blow in the preceding example as the 
cause of the motion, or of poison as the cause of death. 
But in none of the cases are we using the word witli scien- 
tific accuracy ; it is the chauged spatial relation combined 
with the permanent n iture of each of the objects involved 
that is the true cause of the result, and that result is in 
each case nothing but the actual occurrence of that changed 
spatial relationship and the interaction of the permanent 
natures of the objects concerned which it involves. 

Our discussion, then, has led us to the conclusion that 



300 


THE postulates oP Induction. [ch. 25 

the distiuction between cause and effect is one of point of 
view. In existence they are not two but one. Neverthe- 
less, in the attempt to understand the one continuous 
process which constitutes an event both the plain man and 
the scientific thinker find it well to distinguish these two 
aspects. The difference is that while the plain man is 
content with a loose temporal sequence the scientist seeks 
to define exactly the conditions which determine the event. 
No doubt, as in the case of the plain man, science has 
often to l)e satisfied with ‘ causes ’ which are to some 
extent removed from the 'effect.* One cannot in practice 
make an infinite number of cross-sections in a process to 
show at each one the identity of the two. But the ideal 
of science is to reveal that identity in one and the same 
content and to show that it may be looked at from the 
two points of view of that which determines and of that 
which is determined. Thus the combination of hydrogen 
and oxygen in the quantitative ratio of two to one deter- 
mines that the effect shall be water, and the character of 
that effect is determined by the character of the elements 
which are combined. But the combined elements and the 
water are one and the same identical substance, and this 
substAiice is the content both of the cause and of the 
effect. 

5. Axioms of Causation. — Similarly, as has been said, 
our constitution of an. event with a definite beginning and 
end and a definite content is arbitrary, and detenu ined by 
the purpose of the investigation wo have in hand. The 
present arises out of the past, the future out of the present 
without a break. Of course, in many cases, the boundaries 
of what we choose to cull an instance of causation are 
plainly marked for observation, even as a strongly marked 
point llSis been seen to fonn often a convenient dividing 
line between cause and effect in the popular view of causa- 
tion as temporal sequence. Thus when we observe an acid 
and iin alkali combine to form a^salt the event stands out 
prominently from its surroimdings. But the presence of 
such well-marked boundaries does not indicate any breach 
in nature. Every stage in a process may be regarded 
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either as a cause when we are looking forwards or as an 
effect if we look backwards. Thus, if we assign a cause to 
any event it is always possible t-o seek the cause of which 
the cause assigned is the effec.t; and the process may be 
repeated in a regress which is practically endless. For 
example, we may attribute famine to a failure of crops, 
the failure of crops to excessive cold, excessive cold to 
atmospheric changes, and so on. Only when we reached a 
con<?eption of nature as a whole should we find the ter- 
minus of our thought and the explanation of the series of 
causes and effects through which we had passed. Since 
this is impossible we are compelled to consider the pro- 
cess as it were in sections, and to make limits where no 
limits exist. 

This means not only an arbitrary determination of 
starting-point and conclusion of the causal sequence, but 
a limitation of the elements which we take into considera- 
tion. The universe is such that every part determines 
every other part, but it is obvious that the totality of 
circumstances attending any change can never be taken 
into account in our analysis of the conditions of that 
change. Some of the circumstances are more immediately 
relevant than others. In a sense it may be said that the 
early history of the Roman Republic helped to determine 
the course of the French Revolution: but no one would 
think of going back so far in his analysis of causes, even 
if it were possible. The historian would probably content 
himself with analysing the condition of France in the 
years immediately preceding the Revolution, without, per- 
haps, asking very closely how that condition came to bo 
what it was. So, too, the inventions of the eighteenth cen- 
tury were undoubtedly links in the chain of events which 
now end in a cotton strike, but there are conditions much 
nearer at hand which for all practical purposes sufficiently 
explain it. Hence the discovery of causes virtually resolves 
itself into an attempt to find out what elements in the total 
conditions under which a change takes place are essential 
and material to that change and what can be disregarded. 

Now th«i selection of relevant conditions is usually made 
in such a way that the effect is seen to follow on the cause. 
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But in our discussion of temporal sequence we have seen that 
cause and effect are identical in content, and, therefore, 
cannot be successive. The apparent contradiction vanishes 
when we remember that causation, so far as it is suscep- 
tible of close analysis, is found in a continuous process 
in which we c;\n at any number of points find identities 
of cause and effect. These have been arbitrarily grouped 
together in thought, and the point at which we choose to 
fix the end of the cause is taken to be the beginning 
of the effect which also includes a series of identities 
of cause and effect. At the junction of the two which we 
separate for purposes of thought tliere is no real break in 
nature. J^y thus choosing our limits we introduce the 
idoji of temporal sequence which is not an integral part of 
causation. “ The cause acts in time : the effect goes on in 
time. The times occupied by the cause and by the effect 
succeed each other, the one ending at the point of time at 
which the other logins.” ^ In proportion as analysis is 
more thorough * cause* and ‘effect* are brought nearer 
and nearer together till, with the completion of the 
analysis, their identity of content is revealed and time- 
sequence disappears. 

The process of selecting the essential conditions is made 
harder by the fact that causal connexions are never given 
to us pure in nature. With the conditions relevant to the 
problem in hand are mingled many which are irrelevant, 
and it is not easy to distinguish between them. Hence 
there are the dangers, on the one hand, of omitting those 
which are essential and, on the other hand, of including 
those which are accidental : indeed, both faults may be 
committed at the same time. Common reasoning often 
fails to avoid one or other of these faults, and it is one of 
the results of the deeper thought of scientific minds to 
refine an<f make accurate the judgments to which such 
thinking gives rise. “ Trade follows the flag ** is partly 
true and partly false. Economic analysis shows that 
trade depends on many other conditions besides such as 
security and good government, which the flag may be taken 
to connote. ♦ 

‘ Wbewell, History of Sckntijic Ideas, Vok I., pp. 197-198, 
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This practical uncertainty in determining conditions, con- 
joined with the loose use of the terms cause and effect, has 
led to the denial that statements of cases of causation can 
be regarded as formally reciprocal. That “ the same cause 
always produces the same effect ” is universally recognised 
as the fimdaineiital axiom of causation: that “the same 
effect is always due to the same cause” is questioned. It is 
asserted that the same effect may be produced in many 
wfiys. For example, a charge of gun-cotton, of dynamite, 
or of corilit(». will blast a rock. You cannot, therefore, 
equate one cause to one effect : indeed for any given effect 
you may find a plurality of causes. This was the doctrine 
of Mill; he said": “ It is not true . . . that one effect must 
be connected with only one cause, or .assemblage of condi- 
tions : that (nach phenomenon can be protluced only in one 
way. Tlierc^ are often several indepemlent modes in whicli 
the same phenomenon could have originated. One fact may 
be the consequent in several invariable secpiences ; it may 
follow with equal uniformity, any one of several ante- 
cedents 01* collections of antecedents. Many causes . . . 
may produce death.” ^ The example with which Mill ends 
shows that he is \ising ‘ effect ’ in a general and abstract 
way. Wc have already seen that though “ many causes 
may produce death,” yet in every case just this form of 
death is the expression of just this set of conditions — 
otherwise coroners’ inquests would be futile. Indeed, if 
it be once grasped that ‘ cause ’ and ‘ effect ’ are simply 
different names for the same reality according to whetliV^r 
we are looking forwards or backwards ; that cause is the 
totality of conddions looked at as conditioning, while effect 
is the same totality regarded as conditioned, then it is 
plain that cause and effect are exactly equated. A change 
in the totality of conditions is a change, whether we call 
the totality cause or whether we name it effect. 

True, in any particular instance we may feel that we are 
not justified in regarding our statement of the causal rela- 
tion as reciprocal, but that is l>ecause we are not certain 
that it is adequate — that the whole of the essential con- 


» loyiic, Bk. III., X., § b 
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ditions have been correctly sorted out. When we do feel 
that certainty we do regard the statement of the causal 
relation as reciprocal. Thus the statement that the com- 
bination of hydrogen with oxygen in certain definite pro- 
portions always produces water is held to state a reciprocal 
relation, that is, to be simply convertible, and we feel equal 
confidence in asserting that pure water can be completely 
resolved into those two gases in those exact proportions. 
It is the same in all cases of scientific experiment where it 
is possible to make sure that all the essential conditions are 
known and are secured, and that no others are present 
which can modify the result. Thus in every case where 
the establishment of a causal relation is certfdn, that rela- 
tion is established as a reciprocal one. 

The popular idea of the non-reciprocal character of the 
fundamental axiom of causation is due to the fact that 
the ‘cause’ is much more frequently analysed than the 
‘ effect ’ — using those words in the popular sense of tem- 
poral antecedent and consequent phenomena. 

The causal relation is determined most exactly when the 
amount of change can be measured. This is frequently 
possible in the physical sciences, and two principles are 
assumed to aid in this determination — the indestructibility 
of matter and the conservation of energy. The first states 
that whatever re-distribution of matter results from the 
change the total amount must remain the same. This 
principle is most serviceable in chemistry: thus when 
sodium and chlorine combine to form common salt, which 
differs considerably in its properties from both its consti- 
tuents, the weight of the compound must equal the sum of 
the weights of its separate elements. The other principle 
expresses the fact that in any physical system the amount 
of ener^ remains the same whatever the changes that take 
place within it. The system has a certain capacity for 
work before the change : it possesses the same capacity for 
work after the change. The energy need not continue in 
the same form. The motion of a body, for instance, 
impinging on another body is partly tiunsformed into 
sound and heat. If each form of energy is measured in 
the same unit the number of units before impact can be 
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equated with the number after impact. The two prin- 
ciples may be summed up in the statement that the cause 
equals the effect. 

The axioms of causation may be briefly stated as 
follows — 

1. Every event must have a cause. 

2. The same cause always product's the same effect. 

3. The same effect is always duo to the same cause. 

4. Cause and effect are etjual in amount of energy. 


1. L. 
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CHAPTER XXVI. 

OBSERVATION. 

1. The Basis of Science. — All the sciences <aiiti at 
t*x})laiiiing the facts of experience. It is, therefore, evident 
that they irmst rest on an exiwjt knowled^^^e of those facts. 
When t he facts arc wrongly thought, the theories inventieil 
to explain th(‘in will be erroneous. But knowledge of facts 
is gsiined in the ultimate resort only by observation. Not 
only at tlu^ Ix'ginning of jin investigation but throughout 
its whole course, the enf|uirer must get in touch with 
facts. 

Hence, logic must recognise that observation is an in- 
tegral part of an inductive enquiry, and though no formal 
rules can be laid down for its conduct, yet its nature must 
be examined. So will appear the general conditions of 
sound and fruitful observation, and the general ways in 
■which observation is most liable to error. 

Now when we simply observe, without attempting to 
change in any way what we are observing, we have obser- 
vation pure and simple — observation in its most direct 
form. The analysis of the phenomena we arc studying is 
purely mental. When we attempt to modify and deter- 
mine what we are observing we have observation brought 
into bondage to the purposes of our thought, and made to 
answer <lefinite questions. This is experiment, the grea^ 
hand-maiden of science. 

Science is, however, a co-operative movement in which 
each worker avails liimself of the results of others. Such 
i*esults are communicated in speccdi or writing. Sometimes 
they can be tested by fresh observations, at others they 
cannot. Then the whole basis of the structurePbuilt upon 
them rests on the accuracy of the reports of the original 
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observations. With this also logic is concerned. So our 
enquiry branches out in a three-fold direction, and we 
must consider in turn the nature of observation, of experi- 
ment, and of testimony. 

2. Simple Observation. — To observe seems simplicity 
itself, and in any particular case we find it difficult to l^elieve 
that “ the testimony of our senses ” cannot be implicitly 
trusted. Doubtless we grant that we have made mistakes 
— we have taken a stranger for a friend; we have mis- 
understood what was said to us; we have read words in 
the printed page which were not there instead of those 
that were. But at the moment of experience nothing 
seems more certain than this testimony. What we see, 
hear, touch, taste, or smell, has an impressive directness 
which admits of doubt much less readily than do construc- 
tions of our thought which are not determined by im- 
mediate sense-experience. So also we find it hard to 
believe that our memories of such experiences are at fault ; 
yet careful examination has proved that this is so to the 
extent of at least twenty-five per cent. Indeed, there is 
nothing more common than for “the senses to play us 
false” as we say. It is a commonplace that only the 
artist’s eye observes the colours of a scene, light and shade, 
as they are. Every illusion tells the same tale. “ When 
I look at a brick viaduct, a mile or two off, I appear to 
myself to recognise its redness. In fact, however, the im- 
pression of colour which I receive from the object is.not 
that of brick red at all, but a much less decided tint, which 
I may easily prove by bending my head downwards and 
letting ^he scene image itself on the retina in an unusual 
way.”^ Moreover, the observer tends to experience what 
Jxe expects to experience, “ An officer who superintended 
tlie exhuming of a coffin rendered necessary through a 
suspicion of crime, declared that he already experienced 
the odour of decomposition, though it was afterwards 
discovered that the coffin was empty.” ^ It is the same 
with observations carried out for scientific purposes. The 


Solly, Illusions^ p. 88. ^ Ibid., p. 108. 
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astronomer who is watching for the appearance of a par- 
ticular star will tend to see the first ray of light before it 
comes within his line of vision. Important points are 
equally likely to be omitted. Before the labours of Venetz 
many keen geologists had worked in valleys once occupied 
by gla(ders, and failed to see the evident marks of glacial 
action. There is, therefore, more in observation than the 
bare reception of impressions through the senses. It in- 
volves also interpretation and selection. 

It is here that we find the possibility of en’or. It is 
certain that physiologically each external stimulus leads 
to the appropriate nervous response. If we mistake a 
stranger for a friend it is not because there is a wrong 
* image on the retina : it is that the image actually there 
has evoked the wrong set of ideas in the mind. This 
evoking of ideas is the one and only manner in which 
what is present to the body is also present to the mind. 
The majority of things which surround us every moment 
fail to evoke any clear ideas ; we do nob notice — or observe 
— them at all. 

If we examine the process we see tliat it is inferential — 
that is, that from what is directly given a conclusion is 
drawn which is not directly given. Take the simplest 
case of all — that of recognition. If a man looks at an 
orange and says “That’s a Jaffa,” he is stating what is 
certainly not given directly by the sense impressions which 
reach his eye. Yet the judgment is immediate, and does 
not point to anything beyond itself which would justify 
the statement. But if the question were asked, How do 
you know? he might proceed to call attention to the 
shape, and to assert that all Jaffa oranges have the same 
shape, namely that of the example before him, and hence 
that his original assertion was correct. To strengthen his 
conclusion ^e might add that it could not be any other 
variety, for instance a Tangerine, because of the absence 
of certain characteristics of size and so forth by which 
that variety is distinguished. Now although the judg- 
ment “That’s a Jaffa,” is seen on analysis to involve 
inference, we do not commonly call it an inferen^ because 
it contains no direct reference to the grounds on which it 
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is made. When, however, in response to some challenge 
the rcasons for the judgment are given explicitly, we 
have the fully developed inference with which logic is 
concerned. 

When this inference is made explicit it is seen to take 
the form of a syllogism in the second figure — 

Jaffas have qualities ah c. 

This orange has the qualities ahc, 

Therefore, this orange is a Jaffa. 

The fact that the inidille term is undistributed shows that 
formally the conclusion is only one of a greater or less 
amount of probability : hence, the possibility of error. • 

We have dealt with the very simple case of recognition 
because it is evident that if that involves implicit infer- 
ence, and is liable to error, much more will this be the 
case with the more elaborate observations on which science 
is built. Throughout, observation is seen to depend )iot 
simply or even mainly on the integrity and firmness of the 
senses, but on the accuracy of the interpretation given by 
the mind. 

We have pointed out that always the greater part of the 
sense impressions we receive pass unnoticed : in other 
words that all observation is selective, Wliat we select to 
observe is determined by the purpose in hand, that is by 
the explicit or implicit question our mind asks of reality. 
The fruitfulness of our observation will depend on the 
perfection of our choice. And this is also infefeiice, 
guided by pertinent knowledge. For w'e may disn^gard 
what is really essential. In the days when chemistry was 
Elmost exclusively qualitative, the weight of the products 
of chemical action, though occasionally recorded, was re- 
garded as imimportant. It was not until the time of 
Cavendish and Lavoisier that this quality was selected as 
of the first importance in chemical enquiry. Nor would it 
have occurred to them to give such prominence to the 
balance had they not lieen expert chemists as well as men 
of insight. 

On th^ other hand the selection may lie vitiated by 
laying too much stress on what is trivial and incidental 
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But Ilow can the selection be rightly made ? There are 
no rules. Both the intelligence with which the phenomena 
to be observed are selecbd, and the power of finding 
meaning in the observations when they are made» depend 
upon the character of the mind of the observer — not only 
upon previous knowledge, though that is essential, but 
also upon that special insiglit which marks the true dis- 
coverer. A strict impartiality open to every impression 
would defeat itself, but to appraise correctly what is 
presented requires abundant kjiowledge in the department 
of Biutmce to which the investigation lx?longs. Moreover, 
the growing recognition of a fundamental unity in the 
« sciences emphasises strongly the need for a considerable 
accpiaiiitaiice with sciences which are collateral with the 
particular one whicli the worker has made his own. Only 
so can the facts be aj)preciated at their true worth. What 
is found in any object examined is largely determined by 
wliat the mind brings to the examination. A piece of 
machinery means more to an engineer than to an observer 
with equally good sense-organs who is ignorant of 
machiner^^ ; the former, indeed, actually sees more in it 
than does the latter. 

It is the same in the domain of scientific research. 
Count Kumford in 1798 ‘‘while engaged in the boring of 
brass cannon at the military arsenal in Munich . . . was 
struck by the high temperature of the metallic chips thrown 
off, and by the excessive development of heat during the 
process.” ‘ The observation w^as not barren, for it led 
him to make certain experiments by which he showed 
that there was a relation between work done and the 
amount of heat generated, though it w^as left to Joule 
to determine the relation exactly. Yet the facts must 
have been perfectly familiar to the ^^orkmen engaged: 
to the mind of the Count, preparc*d by wider knowl^ge, 
they meant more. 

After some time spent in the pursuit of any branch of 
knowledge, an investigator comes to recognise almost 
intuitively the kind of conditions to which . it will be 
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DAVGEB OF BIAS. 


311 


§3] 

well for him to give heed. His increasing knowledge 
makes it possible for him to detec t with greater readiness 
the bearing of the facts as tlw^y are given» and so to isolate 
in thought the essential from the unessential. But there 
will always remain individual differences in knowledge and 
in insight. “ The role of the mere observer must always 
be a humble one, even in the case of those sciences which 
offer him the most abundant scojie,. The true ‘ seer,’ 
indeed, is tlie rarest of all discoverers : but the true seer 
is one who biings to his observation more than ho finds in 
it. The drudgery of the patient interrogator of nature is 
made divine only when it is inspired by ideas which are 
not objects of observation.” ^ 

3. Danger of Bias. — Since the mind has so large a 
share iii the practice of observation it is difficult, even with 
the utmost candour and a sincere desire for truth, to dis- 
tinguish what is perceived from what is inferred. The 
difficulty is rendered greater by the liability of most men 
t/O be unconsciously the victims of bias and prejudice. 
Beliefs that have been handed down by tradition or that 
are the outcome of previous investigation b(^come hardened 
by use and custom until they are acted on as inviolable 
truths. BrejK)ssessed by such shadows of knowledge men 
are apt to atUnid only to those facts which support their 
prejudices or preconceived theories, and to neglect tlujse 
that tell against them, or even it may be to exj)lain them 
jaway in the interests of their prior notions. Before the 
discovery of oxygen bodies when heated were thought to 
give off a special substance named ‘ phlogiston.’ When it 
was found that metals so heated became Jjeavier, the 
apparent contradiction was resolved by supposing phlo- 
giston to liave a negative weight which diminislied the 
true weight of compounds in which it was present. So 
the theory was saved, and the progress of chemistry re- 
tarded.* 

The difficulty is especially felt when a possible explana- 


Mackenzie, IrUrod. in Soda? Phiioftopht/, p. 13. 
* Von Meyer, IlUtmy of Chemistry y Ch. iv. 
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lion of certain phenomena has been conceived, and an appeal 
is beinj^ made to the facts to establish the truth or falsity 
of the conception. The mind is apt to liold fast with a 
sinpular tenacity to theories of its own invention, and ** it 
is difficult to find persons who can with perfect fainiess 
reg^ist-er facts for and against their own peculiar views. * 
It is, therefore, essential to cultivate an attitude of detach- 
ment towards the hypotheses which guide for the time l)eing 
the course of enquiry. This implies an equal readiness to 
give due weight to instances which appear to negate the 
suggested explanation as well as to those wliich strengthen 
it, and, if need be, to banish ruthlessly the most cherished 
theory which runs counter to the facts. 

* The qualities of mind which disr(‘gard the influence of 
bias cannot bo brought under logical rules. They may be 
summed up in the requirement that the observer should 
incessantly submit himself to the discipline of fact. ** Man 
must submit his idea to nature as it were tremblingly, and if 
natui’e rejects it, he must not stiffen himself against her, 
and take upon himself, which were a useless thing to do, 
to lesson her, laying down for her the law : he must yield 
to nature and renounce his idea.” ^ 

4. Scientific Instruments, — If men were confined to 
their unaided senses as means of observation the area of 
knowledge would be considerably contracted. Each sense 
has but a limited range, and there are some natural 
phenomena, such as those of electricity, for the direct 
detection of which no sense exists. But what cannot be 
directly perceived may be prepared for observation by the 
use of scientific instruments. An object too small or too 
distant to be seen, a sound too low to be heard, are 
i-endered evident by microscope, telescope, or microphone. 
So also an event too swift, a scene too extensive to leave 
a clejir impreSsion on the retina may l^e faithfully recorded 
on the photographic plate ; the composite structure of 
light which the eye lias no power to decompose is revealed 
through the spectroscope. 

' Jevons, Principles of Science^ p. 402. 

‘ Rabier, Logiqiie, p. 103* 
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To extend the range of observation is not the only 
service wliich instriiiDents can render: they also increase 
its extictuess. We can judge weiglit by the hand, but not 
with the accuracy of tlie. balance : we can distinguish 
temperature by the skin as greater or less, but not with 
the certainty of the thermometer. And in many ways 
phenomena may lie registered and measurcMl wliich would 
either escape detection altogether or which would he im- 
perfectly r(‘alised in their quantitative relations. 

Now all scientific instruments have grown out of previous 
knowledge, and embody much knowledge in themselves. 
They contribute greatlv, therefore, to the advance of 
science. But their use is dependent for its a(H;uracy and* 
fruitfulness on the qualities of the observer. Only a man 
of great skill and well -versed in science can employ many 
of the most accurate instruments, because he alone can 
turn to practical account tlie knowledge they embody, and 
can detect and allow for errors incidental to their use. 

“ Skill in modern laboratory work is as far out of the reach 
of the untaught as performance on a musical instrument.*’ * 

In many cases the use of instruments makes no change 
in the phenomena, but only in the conditions under which 
they are observed. It is still observation, but it implies 
not only the inference implicit in all observation, but also 
that involved in applying the knowledge embodied in the 
instrument. Thus we may have to infer that the object 
ibeussed in the microscope is one hundred times smaller 
than it looks, or that a certain deflexion of the galv^ino- 
meter indicates a current of a certain strength. The 
accuracy of the observation depends upon the correctness 
with which the instrument expresses ascertained truth, as 
well as on the competence of the observer. 

5. Obserl^tiou by Experiment. — The use of scienti- 
fic instruments is one aspect of the transition from simple 
observation to experiment. It is better to regard it in this 
light than to speak of the modified arrival of sense-im- 
pressions of phenoraiena through instruments as being 
• 

' Sir T. Clifford Allbutt : Article on Medicine in Enc» Brit.f 11th edn. 
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really experiment. The latter name is not appropriate 
unless the instrument modifies the object which is being 
observed. Thus we invariably speak of observing with a 
telescope or a mimiscope. The distinction is very clearly 
put by Dr. Bosancpiet : “ The fact is then that experiment 
is not merely observation under artificial and determinable 
conditions but observation under determinate conditions 
which coyistitute an integral part of the image or product to 
he observed. Thus common dissection is not experiment, 
though it introduces conditions in the way of separation 
and demarcation as definite as anything c-an l>e : but 
vivisection is experiment, because the determinate con- 
• ditions it produces (inter as factors into the action of the 
organism observed.”^ This raises the further question as 
to the relation lietween observation in general and experi- 
ment. 

The end aimed at in observation is a full and exact 
knowledge of all the conditions without which the pheno- 
mena observed would not occur. If these conditions 
were presented in isidation, the task of the observer would 
be comparatively simple. But this is not the case. They 
are as it were overlaid with many other elements which 
obscure them from view, and often an analysis which is 
purely mental is not sufficient to get rid of these factors 
which do not directly contribute to the result under inves- 
tigation. By varying as much as possible the circup^ 
stances under which the observation is mad(* something 
may be done to eliminate what is unessential. If at dif- 
ferent times and in different places with varied surround- 
ings we find the same features recurring again and again, 
there is some probability that their persistence amid con- 
siderable change is an indication that among them the 
true conditions are at least included. To that extent the 
area of enqliiry is narrowed. 

Such observation under varied circumstances is closely 
akin to experiment, and differs from it only in degree. 
This has b^n well expressed by Jevons, who gives to it the 
name of natural experiment, and thus describes his 


' Logic^ Vol. ii., p. 145, 
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meaning : ** It may readily be seen that we pass upwards 
by insensible gradations from pure observation to deter- 
minate experiment. When the earliest astronomers simply 
noticed the ordinary motions of the sun, moon, and planets 
upon the face of the starry heavens, they were pure ob- 
servers. But astronomers now select precise times and 
places for important observations of stellar parallax, or 
the transits of planets. They make the earth’s orbit the 
basis of a well nrmuged natural experiment, as it were, 
and take well considered advantage of motions which they 
cannot control. Meteorology might seem to be a science 
of pure observation, because we cannot possibly govern 
the changes of weather which we record. Nevertheless we* 
may ascend mountains or rise in balloons, like Guy-Lussac 
and Glai slier, and may thus so vary the points of observa- 
tion as to render our procedure experimental. We are 
wholly unable either to produce or prevent earth-currents 
of electricity, but when we construct long lines of tele- 
graph, we gather such strong currents during periods 
of disturbance as to render them capable of easy observa- 
tion.”' 

But the observer, whether he has recourse to simple 
ob.servation or to “ natural experiment,” is hampered in his 
endeavours to discover the essential conditions of pheno- 
mena. He cannot go far by those means alone, for he is 
f^npelled to wait on natui’e. Now nature may present 
him with instances in abundance, but of such complexity 
that he cannot disentangle them. On the other hand, Uiey 
m^ be of such rarity that adequate investigation becomes 
dimcult or impossible. Again, there are processes of nature 
as swift and transient as the lightning, and others so slow 
and gentle that they escape observation. As Lavoisier 
remarked, the decomposition of water has been continually 
going on, though none had observed it liefore his time. 

But however alert and active the mind of the observer 
may be, his activity in every case is limited to the exami- 
nation of conditions that he can neither determine nor 
modify. He must make the best of what is given him 
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It is here that experiment comes to the aid of simple obser- 
vation by supplying a means of control over natural con- 
ditions. By isolation and combination of physical agents 
it can so manipulate them as to determine in many cases 
the conditions under which the phenomena to be examined 
occur. Such definitely determined observation is what is 
meant by experiirient. 

Wherever experiment is possible it will clearly lie ad- 
vantageous to resort to it in preference to simple observa- 
tion. Instead of the medley of conditions, some known, 
others unknown which iiaturti presents, there will be an 
assemblage of conditions in greater part determined by the 
I observer, and therefore known. Whatever is irrelevant or 
likely in any way to interfere with the phenomena under 
investigat ion will be as far as possible excluded. Factors 
believeil to affect the result will, so far as they are under 
control, be varied in intensity land introduced or removed 
at will ; and the differences, if any, will be carefully noted. 
In this way those conditions which are unessential will be 
eliminated with greater accuracy and cei^tainty than would 
be possible to a purely mental analysis. 

Moreover there is no long waiting on nature. Experi- 
ments can be repeated as often as is necessary. They may 
be devised so as to produce effects that throw an important 
light on phenomena, although these effects are never pro- 
duced by nature herself. “ Experiment invents original 
phenomena which nature left to herself never reabses ; for 
example, the fall of bodies in a vacuum, the liquefaction of 
hydrogen and oxygen. The chemist creat-es in his labora- 
tory many compound bodies which do not exist outside 
it.”^ In this way knowledge advances more surely and 
mpidly than would be possible were men confined to simple 
observation. It is only by the use of experiment that in- 
stances can 1)0 sufficiently varied in the points of identity 
and difference to show clearly and simply what the essential 
conditions are. And these can often 1 ^ determined with 
a quantitative precision. 

It would therefore be a mistake to set up any opposition 
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between observation and experiment. Both aim at estab- 
lishing the exact conditions upon which pheno'hiena de- 
pend, but the element of control in the latter case makes 
observation more efficient than it would otherwise be. 
Indeed it is not too much to say that without experiment 
physics and chemistry would have been unable to make 
any serious advance. There are, however, other depart- 
ments of knowledge in which observation must always be 
the prime resource. Some natural processes are so slow 
that experiment is impossible. The geologist, for example, 
in tracing the history of the eai*th is confined to observa- 
tion as to the structure and formation of rocks and the 
occurrence of fossils ; the biologist is unable to experiment » 
on the evolution of species ; the historian cannot experi- 
ment with the past. On other grounds the doctor and the 
politician are limited in the experiments it is permissible 
to make. 

6. Aim of Experiment. — Appeal to experiment is, 
then, necessary whenever simple observation alone will not 
make plain all the essential conditions of a phenomenon ; 
and its object is to eliminate all conditions which are not 
specially ot)erative in the particular case under considera- 
tion. When this has been done successfully we hq,ve one 
or more hypothetical judgments of the form If S is 
a then it is x. Here x will stand for a known element in 
the phenomenon and a for the condition upon which it in- 
variably and necessarily depends. Now we can only be 
sure that this relation is invariable and necessary if we 
establish the reciprocal proposition : If S is k then it 
is a as well as the pure hypothetical, If S is a it is jr. 
There is no other way of doing this than by examining 
instances of the absence of a (5), and so trying to show 
that when a is absent, x is also absent (^) ; in other 
words to establish the judgment If S is a then it isx. 
Hence in every conclusive experiment there is comparison 
of the phenomenon both in the presence and in the absence 
of that particular condition we are investigating. 

This latter — ^which is what chemists sometimes call a 
Blind ExperimerU — is absolutely essential to the establish- 
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ment of the reciprocal judgment. But it is more difficult 
than the positive experiment ; for sometimes the effect may 
really be present but be so small that it either escapes 
notice altogether or is included in a larger effect and con- 
founded with it. A striking instance of this is the fact, 
already referi’ed to, that though many experiments had 
been worked on the constitution of the atmosphere, yet 
argon so long escaped notice. Jevons quotes a very in- 
structive example of the difficulties of negative experi- 
ments. He says : A curious instance of false negative 
inference is furnished by experiments on light. Euler 
rejected the corpuscular theory on the ground that par- 
ticles of Tmaiter moving with the immense velocity of light 
^ would possess momentum, of which there was no evidence. 
Bonnet had attempted to detect the momentum of light 
by concentrating the rays of the sun upon a delicately 
balanced body. Observing no result, it was considered to 
be proved that light had no momentum. Mr. Crookes, 
however, having suspended thin vanes, blacked on one 
side, in a nearly vacuous globe, found that they move 
under the influence of light. It is now allowed that this 
effect can be explained in accordance with the undulatory 
theory of light, and the molecular theory of gases. It 
comes to this — that Bennet failed to detect an effect which 
he might have detected with a better method of experi- 
menting ; but if he had found it, the phenomenon would 
have confirmed, not tlie corpuscular theory of light, as was 
expected, but the rival undulatory theory. The conclusion 
drawn from Bonnet’s experiment was falsely drawn, but 
it was nevertheless true in matter.”^ Again, some condi- 
tions — e,g. gravity — cannot be removed, and in experi- 
menting on phenomena in which such permanent condi- 
tions are essential, the experimenter is reduced to varying 
their intensity as far as possible. 

To render a negative experiment conclusive is therefore 
difficult, though it is at the same time essential. Such a 
conclusion can be justified only on the assumption that 
our analysis excludes all inoperative elements and them 
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onlj. But in every investigation, owin^ t/O the incomplete- 
ness of our knowledge, there is a residue of unanalysed 
phenomena which is regarded as indifferent to the relation 
we are trying to establish ; and this in addition to those 
elements which are disregarded because previous know- 
ledge of their nature makes it impi*obable that they need 
be considered in the given case. The exclusion of possible 
conditions in either of these directions may be at fault. 
Such an arbitrary limitation can only be made with any 
probability of justification by one who has large and 
varied, as well as systematic knowledge, both of the sub- 
ject under investigation and of kindred subjects. For 
effective experiment, even more than effective observation, 
is conditioned by the knowledge and insight of the man of ^ 
science who devises the experiment, whether he carries it 
out himself or not. 

In all cases where the phenomena are complex this 
limitation through oxelus^ion is, therefore, liable to error. 
Such error can only be detected by extremely careful and 
varied experiments to determine whether any condition is 
operative which had not been suspected, and had, there- 
fore, been relegated to the realm of concomitants that it is 
thought need not be taken into consideration. An experi- 
ment of Pouchet affords a striking example. “ He fillel a 
bottle with boiling water, hermetically sealed it with the 
greatest care, and plunged it upside down into a basin of 
mercury. When the water was quite cold he uncorked the 
bottle under the metal, and introduced into it half-a-litre 
of pure oxygen gas . . . [He] then introduced a minute 
bunch of hay which had been enclosed in a corked bottle, 
and exposed in a stove for a long time to a temperature of 
more than 100 degrees.'’ ‘ Living organisms developed in 
the hay. He concluded that since he had excluded all 
germs from the water, the hay, and the oxygen, life had 
been spontaneously generated. “Pasteur thus criticised 
the experiment of Pouchet: ‘This experiment is irre- 
proachable, but irreproachable only on those points which 
have attracted the attention of its author. I will demon- 


^ Louk Pasteur t p. 05. 



OfiSGaVATlON. 


[crt. 26 

strate before you that there is a cause of error wliich 
M. Poucliet has not perceived, which he has not in the 
least suspected. ... I will prove to you, in short, that it is 
the mercury which carries tJje germs into the vessels.’ . . .”* 
A number of experiments were carried out which estab- 
lished the truth of this assertion. 

7. Fallacies incident to Observation. — As all in- 
ductive inference starts from concrete phenomena as the 
basis of every hypothesis, and continually returns to con- 
crete phenomena as the test of accuracy, it is evident 
that its validity depends directly upon the correctness 
and perfection of the observations of i*eality upon which 
ht is based. lUit observation of given phenomena is a 
process of extreme difliculty and delicacy, and, conse- 
quently, one in which it is very easy to go wrong. The 
conditions which must be fulfilled by a perfect observation 
Jiavo already been set forth. We will now consider the 
main kinds of error to which observation is liable. Error 
which is due to mere personal idiosyncrasy or to careless- 
ness, we are, of course, not concerned with. Logic only 
considers those sources of error to which observers in 
general are subject. 

In the first place, then, as Mill points out, “ a fallacy of 
misobsorvatiou may be either negative or positive ; either 
Non- observation or Mal-observation. It is non-observa- 
tion when all the error consists in overlooking, or neglect- 
ing, facts or particulars which ought to have been observed. 
It is mal-observation when something is not simply un- 
seen, but seen wrong ; when the fact or phenomenon, 
instead of being recognised for what it is in reality, is 
mistaken for something else.”" It will be most convenient 
to consider these two classes of imperfect observation in 
succession. • 

(i) Non-observation. — It has been pointed out that all 
observation implies selection and isolation of phenomena. 
In making this selection it is evidently easy to overlook or 
to neglect either instances or conditions which are perti- 
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nent to the matter in hand. The former would be most 
likely to happen in the earliest staj^e of inductive enquiry, 
when by simple enumeration of instances an attempt 
is made to determine exactly what is tlie character of the 
phenomena to be explained. The latter would be most 
easily committed at a later sta<?e of the process, when 
an analysis of phenomena lias been entered on for the 
purpose of testing and moulding a hypothesis. 

(a) Neglect of Instances. Probably the most fertile 
source of the error of passing over instances pertinent to 
the subject in hand is bias. We have a natural teiideucy to 
dwell upon instances which malce for the theory we would 
like to see established, or which we have hitherto held, 
and to treat as of no importance those which malce against 
it, or even to neglect to consider them at all. A striking 
example of this is mentioned by Mill : “ The oppoiKuits of 
Copernicus argued that the earth did not move, because if 
it did, a stone let fall from the top of a high tower would 
not reach the ground at the foot of the tower, but at a 
little distance from it, in a contrary direction to the earth’s 
course ; in the same manner (said they) as, if a ball is let^ 
drop from the mast-head while the ship is in full sail, it 
does not fall exactly at the foot of the mast, but nearer to 
the stem of the vessel. The Copernicaus would have 
silenced these objectors at once if they had tried dropping 
a ball from the mast-head, since they would have found 
that it does fall exactly at the foot, as the theory requires: 
but no ; they admitted the spurious fact and str higgled 
vainly to make out a difference between the two cases.”' 
This influenc<? of bias is not surprising when it is remem- 
bered how largely observation involves implicit inference 
and is guided hy previous knowledge. 

A very common form in which non-observation of in- 
stances appears is when attention is directed to positive 
instances, whilst negative instances are neglected. This 
originates in a kind of natural tendency of the mind to be 
impressed by any occurrence and to omit to notice non- 
occurrence. To this are due many superstitions which take 
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tlie gc^neral form of attributing causal connexion to what 
is merely casual coincidence. For instance^ the belief in 
tlio prophetic eliHracter of dreams is based upon taking 
note of the few cases in w liich a dream bears some resem- 
blance to suc(!eeding or simultaneous events, and passing 
over entirely those infinitely more numerous cases in which 
the dream is not ‘fulfilled.’ The theory of probability 
would prepare us to expect some such coincidences — 
especially as a small degree of resemblance is always 
liberally iuter[)rct(Hl — and that without any necessary con- 
nexion. “ In former generations,” remarks Dr. Fowler, 
“‘coincidences’ of this kind were regarded not simply as 
‘ curious ’ and ‘ remarkable,’ but as proofs of some cai.sal 
connexion between the events. To talk of a pers n was 
supposed to render his presence more likely ; a verified 
prediction was regarded as evidence of second-sight; and 
a comet which was observed to be followed by a war was 
supposed to b(*, if not the cause of the war, at least a 
messenger semt from Heaven to proclaim its approach.” * 
Here tlie unconscious influence of bias ami prejudice 
plays an important part — “He answered well, who, whep 
the pictures of those who had fulfilled their vows after 
escaping t he peril of shipwreck were shown him hung up in 
a temple, and he was pressed with the question, did he not 
after this acknowledge the Providence of the Gods, asked 
in hia turn, ‘ l^ut whore are they painted who, after vowing, 
perished ? ’ The same is the method of almost every 
superstition, as in astrology, in dreams, omens, judgments, 
and the like; in which men who take pleasure in such 
vanities as these attend to the event when it is a fulfilment ; 
but where they fail, (though it he much the more frequent 
case,) there they neglect the instance, and pass it by.”^ 
One other danger of non-observation must be noticed — 
the tendency to infer that Ixjcause a phenomenon has never 
been noticed it is non-existent. To what extent such an 
inference is justifiable depends upon the improbability that 
the phenomenon would have escaped observation had it 
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existed. As Jevons says, “ The earth’s ajirface has been 
sufficiently searched to render it highly” improbable that 
any terrestrial animals of the size of a camel remain to 
be discovered.”^ But the smaller the phenomenon the 
more likely it is to escape observation. A good instance 
of this is the length of time during which the existence of 
argon, as a constituent of the atmosphere, was unsus- 
pected. 

When a proposition is accepted on merely negative 
evidence, care should be taken to make that evidence as 
complete as possible. An excellent example of this care is 
seeii iU ae investigations which led Darwin, on purely 
negative evidence, to conclude that certain orcliids secrete 
no nectar Many observations both of German nat uralists 
and of Diirwiu himself seiMued to point to this coiicluKion, 
but, says Darwin: ‘‘Notwithstanding tlio.se several facts I 
still suspected that nectar must be secreted by our common 
Orchids, and I determined to examine 0. morio rigorously. 
As soon as many flowers wore I l)egan to examine 

them for twenty-three consecutive days : I looked at them 
after hot sunshine, after rain, and at all hours : I kept the 
spikes in water, and examined them at midnight, and early 
the next morning : I irritated tlie nectaries with a bristle, 
and exposed them to irritating vapours: I took fl(>werii> 
which had lately had their polliuia removed by insects, of 
which fact I had independent proof on one occasion by 
finding grains of some foreign pollen within the nectary ; 
and I took other flowers which, judging from their position 
on the spike, would soon have had their 2 )ollinia removed ; 
but the nectary was invariably quite dry. ... I one day 
saw various kinds of bees visiting repeatedly the flowers 
of this same Orchid, so that this was evidently the projier 
time to examine their nectaries ; but I failed to detect 
under the microscope even the minutest drop of nectar. 
So it was with the nectaries of 0. macufata at a time when 
I repeatedly saw flies of the genus Empis keeping their 
proboscides inserted into them for a considerable length of 
time. Orchis pyramidalis was examined with equal care 
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with the same result, for the glittering points within the 
nectary were absolutely dry. We may therefore safely 
conclude that the nectaries of the above-named Orchids 
neither in this country nor in Germany ever contain 
nectar.**' 

(h) Neglect of Operative Conditions. In every ex- 
amination of concrete reality a residue of unanalysed 
elements remains, and this opens out a possibility of leaving 
out of consideration some element which is an essential 
part of the phenomena we are investigating. The whole 
intention of all inductive methods is to eliminate those 
^ (dernonts, and those elements only, which are not o[)erative 
* in r<^H^)ect to the aspect of reality under examination. In 
a science still so largely in the empirical stage as medicine, 
this fallacy is still not unknown and was formerly extremely 
common. Take as an instance Kenelm Digby*s sympa- 
thetic powder wliich in the seventeenth century attracted 
considerable attention even from scientific men. The 
sympathetic powder was that which cured by anointing the 
weapon with its salve instead of the wound. I have long 
been convinced that it was efficacious. The directions were 
to keep the wound cletin and cool, and to take care of diet, 
rubbing the salve on the knife or sword. If we rememl)er 
the dreiulful notions upon drugs which prevaile.l, both as 
to quantity and quality, we shall readily see that any way 
of 7iot dressing the wound would have been useful.*’* 
Those who attributed the cure to the powder committed 
the error of overlooking the essential circumstance that 
nature was left to her own devices under favourable con- 
ditions for effecting a cure. 

Owing to the complexity of the phenomena, all induc- 
tions connected with social and economic subjects are 
particularly liable to this form of fallacy. An increase in 
the number of convictions for any particular crime must 
not ha taken as a necessary proof of an increase in that 
particular form of criminality; it may be due to greater 
vigilance on the part of the police. An excellent example, 

* Fertilization of Orchidsy pp. 38-39. 
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given by Mill, is the following : “ Take, for instance, the 
common notion, so plausible at the first glance, of the en- 
couragement given to industry by lavish expenditure. A, 
who spends his whole income, and even his capital, in ex- 
pensive living, is supposed to give great employment to 
labour. B, who lives on a small portion, and invests the 
remainder in the funds, is thought to give little or no 
employment. For everybody sees the gains which are 
made by A’s tradesmen, servants, and others, while his 
money is 8iM3nding. B’s savings, on the contrary, pass 
into the hands of the person whose stock he purchased, 
who with it pays a debt he owed to some banker, who 
lends it again to some merchant or manufacturer; and 
the capital being laid out in hiring spinners and weavers,* 
oV carriers and the crews of merchant vessels, not only 
gives immediate employment to at least as much industry 
as A employs during the whole of his career, but, coming 
back with increase by the sale of the goods which have 
been manufactured or imported, forms a fund for the em- 
ployment of the same and j)erhap8 a greater quantity of 
labour in peiq)etuity. But the observer does not see, and 
therefore does not consider what l)ecomes of B’s money; 
he does see what is done with A’s : he observes the amount 
of industry which A’s profusion feeds ; ho observes not 
the far greater quantity which it prevents from being fed ; 
and tbence the prejudice, universal to the time of Adam 
Smith, that prodigality encourages industry, and parsi- 
mony is a discouragement to it.”^ 

(ii) Mal-observation. — By mal- observation is meant 
the wrong interpretation of sense impressions. It has 
been pointed out that all observation involves implicit 
inference, or the interpretation of what is received through 
the senses by referring it to some part of the knowledge 
previously possessed. When this reference is wrongly 
performed, we have a case of mal-observation. The rustic 
who takes a tombstone brightened by the rays of the moon 
for a ghost, or who interprets a donkey’s bray as the voict^ 
of a departed ancestor, falls into the fallacy we are now 
• 
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considering. All * conjurer’s tricks ’ appeal to the innate 
facility with which mankind observes badly. It is, how- 
ever, never the senses that are wrong ; the sensuous im- 
pression as received is just what it should be under the 
circumstances; in the meaning given to that impression 
the error will always be found to lurk. One of the most 
striking examples of raal-observation was the universal 
acceptance of the Ptolemaic solar system for many cen- 
turies. As Mill remarks, ‘‘People fancied they mw the 
sun rise and set, the stars revolve in circles round the 
pole. We now know that they saw no such thing ; what 
th(‘y really saw was a set of appearances equally reconcil- 
able with the theory they held and with a totally different 
^ one.”' 

Sometimes we find ourselves practically unable to inter- 
pret our sense impressions rightly, and we are then said 
to labour under an illusion. “ To give one or two ... ex- 
amples of the kind of illusion which the senses practise on 
us or rather which we practise on ourselves, by a misinter- 
pretation of their evidence: the moon at its rising and 
setting appears much larger than when high up in the 
sky. This is, however, a mere erroneous judgment; for 
when we come to measure its diameter, so far from finding 
our conclusion borne out by fact, we actually find it to 
measure materially less. Here is eyesight opposed to eye- 
sight, with the advanhige of delil)erate measurement. In 
ventriloquism we have the hearing at variance with all the 
other senses, and especially with the sight, which is some- 
times contradicted by it in a very extraordinary and 
surprising mauiier, as when the voice is made to seem to 
issue from an inanimate and motionless object. If we 
plunge our liands, one into ice-cold water, and the other 
into water as hot as can be borne, and, after letting them 
stay awhile suddenly transfer them both to a vessel full 
of water at blood-lieat, the one will feel a sensation of 
heat, the other of cold. And if we cross the two first 
fingers of one hand, and plac^e a pea in the fork between 
them, moving and rolling it about on a table, we shall 
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(especially if we close our eyes) be fully persuaded we 
have two peas. If the nose be hold while we are eating 
cinnamon, we shall perceive no difference between its 
flavour and that of a deal shaving.”^ 

The history of science presents us witli many instances 
of mal -observation. “ A vague and loose mode of looking 
at facds very easily observable, left men for a long time 
under the l)elieF that a body, ten times as heavy as another, 
falls Urn times as fast;— that objects immerstid in water 
are always magnified, without regard to the form of the 
surface; — that the magnet exerts an irresistible ft)rce; - 
that crystal is always found associated with ice ; — and the 
like. These and many others are examples how bliml 
and careless men can be, even in observation of the * 
plainest and commonest appearances ; and th(*y show us 
that the mere faculties of perception, although constantly 
exercised upon innumerable objects, may long fail in 
leading to any exact knowledge.” - 

Dangerous as this fallacy is, logic can neitlier give 
special rules for avoiding it, nor determine when it has 
been committed. The latter point is decided by further 
advance in that particular branch of knowledge. On the 
former the only rule that can l>e given is the Yury general 
one that every observer should equip himself with as much 
definite knowledge as he possibly can both of the subject 
under investigation and of cognate subjects. 

^ Herschel, Natural Philosophy, § 72. 
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]. Importance of Testimony. — The range of direct 
experience even for the most versatile and gifted of men is 
extremely small. Were the individual dependent upon it 
alone for his knowledge his mental outlook would be narrow, 
and he could neither impart the results of his expenence to 
otlu^rs nor Inn'cine acqutiinted with their achievements ; the 
co-operative movement of science as well as a large part of 
ordinary life would be non-existent. But men communi- 
cate the knowledge they acquire to one another, and so 
(^ontril)ute bot h to individual good and to general progress. 
Where the (‘communication relates to observations that any 
competent person may repeat, there is an independent check 
on accuracy. The first announcement of the discovery of 
radium and certain of its properties is not the sole autho- 
rity on which the facts have b^n accepted : many workers 
have tested and confirmed the properties for themselves. 

So vast is the field of knowledge that no individual 
worker can cover the whole of the ground even in that 
portion which he seeks to make his own. He must accept 
many of his data on authority, and leave the corroboration 
of them to others of his fellow-labourers. The geographer 
could not possibly check the widely- scattered observations 
upon which his generalisations are founded, though each of 
them mighj be cyipable of verification. So, too, in ordinary 
life, we are compelled to receive and act upon much of 
which we have neither the time, capacity, nor opportunity 
to make sure for ourselves. We acc^ept London as a fact 
long liefore we ever see it, and when we do see it we do not 
confine our conception of it to the parts that we actually 
observe. Thus a good deal of the working knowfedge both 
of life and of science is based on testimony. 
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Further, there are many occurrences which from their 
nature can neTer be repeated. Wliore the check of inde- 
pendent repetition fails us, we are forced to a Closer scrutiny 
of the source from which the information comes. In no 
other way, for example, can we sift the facts which form 
the foundation of history. The past is past, and is only 
known to us so far as some i*eeord of it remains. In 
studying it we cannot get into direct touch with the expe- 
riences we seek to understand : we know them only through 
the medium of one or many witnesses, who must go bail 
for the accuracy of the facts which they avouch. If no 
reliance could he placed on testimony when it is l^ackcd up 
by no evidence but itself, it is unnecessary to say how large^ 
a part of historical and sociological knowledge would 
crumble away for want of support. 

2. Value of Testimony. — Now it is obvious that testi- 
mony varies considerably in value. Some we accept with- 
out hesitation, some of it as unhesitatingly we reject, 
while towards a good deal of it our attitude is one of sus- 
pended judgment. Every piece of testimony which is 
examined resolves itself, if only we can carry the analysis 
far enough, into an observation and a communication of 
the observation. Each affords numerous opportunities for 
error. Even the careful scientific observer, who in the 
quiet of his laboratory, or amid the restful scenes of nature, 
is most favourably situated for a calm concent niti on of his 
mind on the matter before him, is liable as we have gf^n to 
error. The danger of mistake is far gimter when, as so 
often happens, the witness on whose testimony we are asked 
to rely was an active participator in scenes which he after- 
wards portrays. Sarely has the narrator of an historical 
event observed it with no other intent than to make a record 
for posterity. Add to this that any account even of the 
recent past will almost invariably reveal gaps due to imper- 
fect recollection, and we see that a writer or speaker with 
a sincere desii'e to make his statements acemrate may easily 
deceive himself, and hence in all good faith propagate the 
false asitrue. Unfortunately not only may a man be un- 
wittingly deceived, he may of set purpose endeavour to 
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deceive. In any particular case we must be satisfied beyond 
ttesonable doubt that deception of either kind is al^ent 
before tostiinoaiy can be accepted as a guarantee that what 
^ ^stifled is true. So great is the improbability of any 
- indiviidual being free from one or other of the two faults 
that it is commonly said that one witness to an event is no 
wit ness at all. Nor is convergent testimony by any means 
so conclusive as to be accepted at its face value. 

When we turn from the ol)server to the written records 
based upon his observations a fresh series of problems 
presents itself. The book or manus(u*ipt may not be what 
it purports to be. The relation of the writer to the sources 
of his iiifonnation may be of all degrees of nearness, 
'from that of eye-witness to that of the mere transcriber 
of oral tradition and legend. Ho may liave idiosyncrasies 
of style or character which cast doul)t on the accuracy of 
all lie writes. 

Enough lias been said to show that in whatever form 
testimony reaches us it must be subjected to careful sifting. 
The aim is that the fact it attests be re-constituted for 
thought as it really was in the first instance. This ideal 
is often impracticable. But in any case such criticism can 
only attain a measure of success whore special knowledge 
and skill are brought to bear on the task. 

3. Criticism of Testimony. — As we have seen, there 
are two grounds upon which we may have reason to 
distrust a piece of testimony. There is the possibility that 
the author may know the truth, and yet deliberately 
misrepresent it. On the other hand he may in all good 
faith present a tissue of truth and falsity to us which he 
himself believes to be solely true. We are bound, there- 
fore, to doubt whatever comes to us through this source 
alone, until^we are convinced of the sincerity and accuracy 
of the witness who attests it. 

But how can we determine whether a man is sincere or 
not in lii.s statement of what came under his own observa- 
tion? Obviously the enquiry is one of great difficulty. 
If we know something of the character of the man, we 
can estimate his gener^ level of credibility ; but^ as a rule 
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the material for such an estimate is either scanty or, ev{Bn 
if copious, conflicting. ' ^ 

There are, however, certain general motives which &l- 
duoe men to lie, and we may ask if anything in the' 
character or circumstances of the witness makes it^likely - 
that they were operative. There are some men with a 
love of exaggeration which leads to habitual distortion of 
fact ; others have an itching to speak, and cannot refrain 
from supplementing the defects of experience by the pro- 
ducts of inference and imagination. Many are swollen 
with self-importance and allow vanity to credit them with 
fictions that enhance their reputation. Nor is it uncom- 
mon for a man to recount the false and marvellous simply 
because they are attractive to him. But perhaps the most* 
powerful motive to lying is some form of self-interest. 
There may l)e the hope of personal gain, or the fear of 
impending liarm ; there may be a party to serve or a cause 
to condemn. Truth ceases to be of impoi-tance if only the 
end in view can be gained. 

There is often no surface test by which to distinguish 
the false from the true: both wear an air of sincerity. 
Indeed in the case of the false this will add to the decep- 
tion. LiUu’ary skill is in itself a snare to a writer. The 
gorgeous epithet, the rounded phrase and eloquent period, 
are easily coined from the clippings of veracity. Men differ 
in the control they exercise over tendencies to insincerity, 
and all do not feel them in the same form or in the same 
strength. But whenever sincerity is jeopardised the reason 
should be ascertained if possible, and allowed for so Mr as 
it invalidates the extent to whieli the testimony can be 
received. If what is vouched for can be established or 
rejected by other means, then the good faith of the author 
ceases to have any logical interest. We are only concerned 
with it when it claims to be part of the guarantee of 
truth. 

Sincerity is logically useless without accuracy, and that 
is not easy to secure. All direct testimony refers to 
something observed, and may be marred by any or all of 
thedefectj to which observation is subject. It is especially 
important to determine how Mr the recorder of a fact was 
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in a position to observe correctly, tt is seldom that 
testimony is confined to a single incident or series of in- 
cidents well within the range of an individual observer. 
S'requently the events described, either because of their 
complexity, or because of the wide area over which they 
are spread, cannot bo iKjrceived by one man alone. The 
description of a siege, for example, would l)e fragmentary 
and disconnected if confined to the direct experience of 
one of those engaged in the struggle. It would be a 
physical impossibility for him to take in all the essential 
details of say an assault or a sortie, and his duties might 
or might not have given him leisure for a general survey. 
, Moreover, many things would happen of which few would 
be cognisant at the time : as, for example, the daily con- 
sultations and plans of the leaders. Hence the necessity 
of scrutinising the ‘narrative of an eye-witness’ in order to 
separate the details which, because of his location or cir- 
cumstances, must have been supplied indirectly from those 
wliicli in all probability came under his personal ndtice. 
Men differ too in their capacity to seize the essential 
features of a situation. One man carries away a confused 
impression where another swiftly marshals the details into 
an orderly whole. 

Prejudice may vitiate testimony as well as observation. 
A fact cannot be presented naked. It must be clothed in 
words, and in this way we have a sectond source of in- 
accuracy. For even where tbe facts have been app^- 
hended correctly, they imiy be woven together so as to 
create a false impression. We must discount, therefore, 
the sub-conscious bias from which few, if any, authors 
are entirely free. Enquiry should be made how far the 
writer has been led by his preconceived opinions to select 
particular aspects for description to the exclusion of others 
of equal importance, or how far ho has grouped his facts 
to illustrate an idea which he did not find in them but 
brought to them. We must disrobe the works of the 
‘ whig historiau ’ of tlieir whiggish dress before we can 
see the truth they contain ; nor would it be fair to accept 
without question the story of the downfall of Oirtho^e as 
told by Roman writers. Prejudice may peep out in aji 
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epithet, and we must cut away all such dia^ised com- 
ment from what purports to be a faithful narration of 
fact. No matter what may l>e the protestations of authors 
to the contrary, love and hatred often exert an influence 
on their judgment and imagination of which they are 
quite unconscious.* Audit is imperative to ascertain their 
likes and dislikes in order to eliminate all traces of 
partiality from wliat they record. 

Memory in most men is notoriously treacherous. Its 
efficiency as a rule decreases with the lapse of time from 
the events which are recalled. For this reason it is a 
sound demand in all the natural sciences tliat observations 
should be noted down at the time when they are made. 
But it would 1)6 impossible to insist on a similar require-* 
ment in the case of all testimony. The men whose writ- 
ings furnish much of the raw material of history did not 
niinj^le in the affairs of life, whether as actors or spectators, 
.note- book in hand : such a procedure is left to the pro- 
fessional reporter. Whether rough notes are made or not 
the written document is the fruit of recollection. Then 
how many are the gaps that have to be filled in ! In- 
ference and imagination lend their aid. Jagged edges are 
smoothed away, and a continuous story is composed which 
Las all the air of a transcript from actual experience. 
The longer the interval, the more likely is the element of 
construction to preponderate. An old man’s memories 
Suffuse the past with a mellow light, and facts often 
recalled soon cease to 1)6 distinguished from accretions and 
confusions which the years have brought with them. It 
is so even for much shorter periods. A few hours or a 
few days are often sufficient to blur a recollection. We 
must, therefore, a.sk how near to the actual occurrence is 
the writer’s description of it, and how far was the event of 
such a kind that it would be recalled with ease and dis- 
tinctness ; and further, are there any indications that the 
writer’s memory was in general trustworthy? Add to 
this a critical scrutiny of the statement itself, and we may 
often make a fair estimate of the probability that certain 


^ QL Casteleyn, l/oglque^ p. 405, 
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details are due to tlie filling out of imperfect recollection 
by inference, or ])y imagination guided perhaps by a later 
opinion or prejudice. 

So far we have spoken of the testimony of a single 
person. Jhit there may be several witnesses to the same 
fact. Taken singly each one may l)e open to doubt on the 
score of want of good faith and accuracy, and yet the total 
evidence may be strong. The untrustworthiness of each 
witness is not necessarily cumulative. That they agree or 
disngree is in the nature of additional evidence. Supposing 
it to bo established that there has be^n no collusion be- 
tween the.m, and that in no case are their statements 
,(lerived from a common source, then their agreement on 
essential points imlicates a strong probability that their 
testimojiy is true, while any discrepancy proves that one 
statement at least is false. This is all tlie more likely to l>e 
the case if there is considerable variation in detail. Half a 
dozen people narrating t he story of a fire are sure to differ 
in describing the several episodes : but tlieir diverse stories 
would be strong evidence as to the fact of the fire. If 
certain witnesses agree while others disagree the conflict- 
ing accounts must be carefully compared. It will not do 
merely to count the number for and against. Every wit- 
nesses not equally competent in all matters. The opinion 
of the layman is usually of inferior weight to that of the 
expert. 

There are some facts of so improbable a nature that no 
amount of concordant testimony would lead us to accept 
them. Crowds as well as individuals are subject to illusion, 
and in all good faith report portents and prodigies. What 
at first sight is contrary to tlie order of nature as we know 
it is rightly subjected to severer tests tlian what appears as 
an exemplification or extension of laws with which we are 
familiar, though men may sometimes reject as incredible 
„what is afterwards accounted true. This antecedent pro- 
bability or improbability of a fact affects the value of 
testimony. “ In certain cases the probability of the fact 
and the probability of testimony reinforce each others 
but in other cases the improbability of the fact'luid the 
probability of testimony are coimterbalanced : and indeed 
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it may happen that the former will be sufficiently strong 
to destroy entirely the latter.”* 

4. Criticism of Indirect Testimony. — The greater 
part of testimony reaches us indirectly. It is not often that 
the statement of an original witness lies l)efore ns. 'J'he 
historian as a rule presents material from various sources. 
Even when he stahbs facts on his own authority we may 
reasonably doubt whether more than a small proportion of 
them are due to liim as an eye-witness. Conf>emporary 
evidence is valuable because it is given by om^ who is 
unJer the influence of the age in which he lived, and one 
very often in a position to ascertain the tiMith. So far as 
the testimony is that of an eye-witnt‘ss it must satisfy the ^ 
requirements we have already set forth. But if it repre- 
sents facts that have been transmitted through the medium 
. of one or more persons we must end(5avour to trace tliem 
back to the source from whence they cjime. 

The first question to ask about any document will there- 
fore be — Who was its author? The problem may be per- 
fectly simjile when we are dealing with a modern work, but 
in earlier times when an author did not scruple to issuer his 
thoughts under a better known name and foi'geries were 
coiiiinon, and in all cases of anonymous writings, a critic, al 
examination of style and content is essential. To this 
must be added, more especially in the case of manu.scripts, 
an investigation directed to the establishment of the text 
approximately as the writer wrote it. The errors that are 
made in copying works that have come down to us* in 
manuscript form are numerous and need special know- 
ledge to detect. Closely allied with tliese two em^uiries 
will be the determination of the time when the document 
was first written. All these matters may scarcely present 
themselves for special investigation in the case of compara- 
tively recent works. But we cannot make an estimate of 
the value of testimony to fact in any writing until we have 
satisfied ourselves about its authenticity, integrity, and 
date. 

Then we may begin the task of tracking to their source 
' Rabier, Lo^igue, p. 3;^ 
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the statemeats of fact which the work contains. As a 
preliminary to this we shall endeavour to divest them of 
the comment or amplification in which they lie embedded. 
It is not often that the exact origin of the facts can be 
determined so that we are face to face with an original bit 
of testimony. For the most part the authority on which 
the author lias relied will remain unknown^ and hence it 
cannot be tested. We are not in a position to assess at 
tlieir true wortli the sincerity and accuracy of persons 
al)out whom we know nothing. At first sight it might 
seem a safe rule to reject anonymous statements as un- 
worthy of credence. But this must be taken with much 
rabatement. It would, for example, reject all newspaper 
records, which even the most sceptical among us would 
hardly be prepared to do. Events do not stand in isola- 
tion from one another, nor do they come and go without 
leaving any trace behind. So we can often accept the 
evidence of one or more anonymous witnesses, bkiause 
wliat is attested accords with the knowledge we have of 
the tiino.4 or helps to explain the past more satisfactorily. 
Such testimony may even give the key to the results of an 
age which without it would be unintelligible. Moreover 
we are sometimes in a position to test particular state- 
ments by an examination of monuments, coins, or other 
remains. And if the author stands this test successfully 
it gives a greater or less probability, according to circum- 
stances, that the other parts of his evidence are trusts 
worthy. 

The monuments, medals, coins, vases and other products 
of man which survive from the past must themselves be 
subject to criticism. They too may flatter and lie or be 
misdated. Inscriptions are not always veracious. They 
may err by excess of panegyric or by actual falsehood. 
The English struck a medal commemorating the capture 
of Carthagena in 1740 by Admiral Vernon, though as a 
matter of fact the gallant admiral had raised the siege.^ 

Where testimony takes the form of traditions handed 
down orally from generation to generation, there is often 


* Qf. Rabier op, cii,, p. 326 . 
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no way in which we can be sure whether they had their 
origin in truth or in fancy. Scarcely anyone can receive and 
transmit faithfully aii accurate account of even very simple 
transactions; and after a few repetitions the original is 
apt to be distorted almost beyond recognition. Even where 
tradition is embodied in poetic form errors in transmission 
accumulate. To find, as some profess to do, a kernel of 
truth in traditions whose source is lost in remote antiquity 
can never be justified as other than more or less reasonable 
conjecture. At most we can say that story and legend of 
this kind are valuable as affording some indication of 
customs, beliefs, and mode of life, in the time to which they 
owe their origin. 

Not only do men examine what an author has said, but 
not infrequently iLifei*ences are made from what he has not 
said. This is a temj>ting procedure whenever information 
on points of importance is scanty. It generally appears in 
the claim that an author must have mentioned a certain 
fact if such fact had been in existence. But the omissions 
.of authors are apt to confound all conjecture. liOgically 
the argument from silence is only admissible where the 
purpose of the writer was such that had the alleged fact 
omitted l)een true "it would have been vital to his state- 
ment and would on no conceivable grounds have been sup- 
pressed. 



CHAPTER XXVIII. 

NATUKB OF HYPOTHKBES. 

1. Meaning of Hypothesis. — Observation and testi- 
mony furnish facts which need interpretation if they are 
to find their true place in a system of knowledge. To 
interpret tfiem is to determine the relations which they 
hold to one finother and to the rest of the sphere of know- 
ledge to which they belong. The mind must supply the 
interpretation, and so proceeds by inventing some pro- 
visional explanation which seems likely to account for the 
facts as they are. If on further examination this explana- 
tion is proved to be true, it becomes a part of knowledge : 
if false, it is rejected. In either case the explanation 
exists in the hrst instance as a supposition. Such a sup- 
posed relation suggested by the facts is termed a hypo- 
thesis. 

We are continually forming hypotheses. Every suppo- 
sition we make so as to account for any event whatever is 
a hypothesis. No doubt, it is customary to restrict the 
nanie^) suppositions made in the scientific investigation^ 
of any subject ; but these do not differ in original charao- 
ter from the hypotheses of common life. Tlie difference 
comes in later; the hypotheses of every-day life answer 
their purpose in a more or less rough and imperfect form, 
but tbe^iypotheses of scientific thought need to be deter- 
mine<l as completely and accurately as possible, till at 
length tliey satisfy all the demands made upon them as 
expkuiations of actual phenomena, and are accepted as 
demonstrated and established theories. 

To such hypotheses our discussion will be ^nfined, for 
logic deals only with scientific — that is, with exact and ao- 
cwcaJbe — ^thought. It must be remembered, however, that, 

338 



§ 2] OBiaiK OF RTPOTHBSB8. 339 

as CUfford remindls us, Scieutific thought does not mean 
thotxglit about scientific subjects with long names. There 
are no scientific subjects. The subject of science is the 
hunmn unrverse ; that is to say, everything that is, or has 
been, or may l>e lelated to inan.”^ In scientific thought — 
no matter what the subject-matter inav be — every rt^gu- 
larity or irregularity in the occurrence of events for which 
no reason is apparent, every imperfectly understood or 
. unexplained fact, is a call for a hypothesis. And every 
hypothesis is a guide to further enquiry till the ulLiinate 
goal of explanation is reached. 

2. Origin of Hypotheses. — The modes in which hypo-» 
theses are suggested cannot be tabulated. The process of 
suggestion is purely individual, and does not admit of 
general rules. Some hypotheses are so obvious that an 
acquaintance with the facets almost inevitably gives birth 
to them. Others, and often the most far-reaching, require 
the insight of genius to fashion them. Thus men differ 
much in their power and readiness to frame hypothei^es. 
One laboriously determines facts, but is slow to sc^e their 
meaning. Another has to prune the luxuriance of conjec- 
ture : to him everything is suggestive. Tlie man of scien- 
tific genius is fertile in suppositions, and quick Uy see their 
probable value, A few of his discoveries may come as it 
were tmsought, but the bulk of them are the result of 
definite lines of enquiry set on foot to test his own suppo- 
sitions. We cannot, then, eliminate the personal factor. 

But although the suggestion of hypotheses depends so 
much upon uhe insight of the individual who conceives 
them, it is generally to the man with a wide knowledge 
of the order of facts under investigation that they occur. 
Brilliant conjectures may flash across the unprepared 
mind, but they are apt to remain fruitless. Perraudm, an 
intelligent Swiss hunter of chamois, conceived the idea 
that the huge blocks of rock scattered about the valley 
with which he was most familiar had been transported there 
by glacial action. But without the special knowledge and 


^ Essays^ p. 86 , 
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interesta of tlie j^eo legist he was unable to perceive the true 
significance of Jiis observation.^ Pasteur prefaced his long 
investigation into the causes of disease among silkworms 
by making himself master of all that was then known on 
the subject. It was this, added to his own great ability, 
which made him ready to see the bearing of the facts re- 
vealed by his microscopic examinations, and which gave 
point to the suppositions he founded on them. Knowledge 
of facts and laws previously ascertained gives fhe power to 
detect what is new or exceptional, and so in need of further 
explanation. Jt enables a man to give steadiness to his 
conjectures by basing them on what has already been 
done. 

It would be wrong to regard the hypothesis as a new 
creation. It always incorporates past knowledge, and 
arises out of it. It is for this reason that men of the same 
epoch often make the same discoveries or enunciate similar 
theories. The doctrine of evolution was taking shape in 
the minds of Darwin and Wallace at about the same time ; 
Adams and Leverrier both predicted the existence of the 
planet Neptune. There is a general process of science 
which while carried on by individuals is in a sense inde- 
pendent of particular iudividuals. Thus it has been said 
that the invention of the calculus was bound to come 
about the time it did even though neither Newton nor 
Leibniz had thought of it. On the other hand a bold 
conjecture may be before its time, and remain in oblivion 
because the state of knowledge does not admit of its 
development. Thus Copernicus found the germ of his 
solar theory in an ancient writer. The liypotheses then 
that are destined to be fruitful are in close relation to the 
knowledge of the time, and it is obvious that a well- 
equippea mind is most likely to conceive them. 

This is evident, too, when the origin of the hypothesis 
has a largely accidental character. For example, the laws 
of the internal structure of crystals were suggested to 
Hauy by his observing that in a crystal accidentally brokeo 
the fracture showed regular geometrical faces. , Similarly, 


^ Cf. Naville, Logiqm de p. 42. 
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** Malufi chanced to look through a double refracting prism 
at th6 light of the setting sun, reflecteil from the windows 
of the Luxeml)ourg Palace. In turning the prism round, 
be was surprised to iiud that the ordinary image dis- 
appeared at two opposite positions of the prism. He 
remarked that the reflected light behaved like light which 
had been polarised by passing through another prism. 
He was induced to test the chaivicter of light reflected 
under other circumstances, and it was eventually proved 
that polarisation is invariably connected with reflection.’*' 
This latter case shows very clearly that, though accident 
had a share in the discovery of the connexion of polarisa- 
tion with reflection, yet it was an accident that would only ^ 
have occurred to a student of optics. And so it is gene- 
rally in such cases. The accidental occurrence would be 
unnoticed by a mind not stored with knowledge of cog- 
nate classes of phenomena, but to such a mind it is rich 
in suggestion. 

The scientific worker whose mind is rich with the facts 
and laws pertaining to his special study is in a position to 
estimate the limits within which current explanations are 
satisfactory. The perception of these limits defines to 
some extent what is unexplained, and suggests the direction 
in which hypotheses are still called for. Frequently a 
phenomenon is explained by established laws, and yet there 
remains a discrepancy between the facts as they are ob- 
served and the facts as they would be if the known laws 
accounted for the whole phenomenon. The orbit of 'the 
planet Ur^us was observed to deviate from that which it 
would have followed if the attraction of the then known 
placets had been the sole influence of the kind to which 
it was subject. The deviation led to the liypothesis that a 
planet as yet undiscovered existed, who.se orbit was further 
removed from the sun than was that of Uranus. This 
was proved to bo correct by the discovery in 1846 of 
Neptune. The hypothesis could not liave occurred to 
men unfamiliar with the achievements of mathematical 
astronomy. So in other sciences enquiry int ;0 slight devia- 


> JevoDS, Principles of Science^ p. 530. 
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tions from known laws has led to many new discoveries. 
But this source of suggestion of hypotheses is obviously 
open only to tliose already versed in the science to which 
the facts belong. 

It must not be supposed that the right hypothesis is 
necessarily suggested at once even to the man of know- 
Jedgfj and insight. As a rule there is rather a plurality of 
hypotheses which must bo successively tested till all but 
one are, by disagreement with the facts, rejected. These 
alternative hypotheses may be simultaneously or succes- 
sively suggested, but only one is t^ken up at a time. Thus 
Kepler records that ho advanced nineteen hypotheses which 
he afterwards disproved, l)efore he arrived at the true 
slatetnenfc of the laws of planetary motion. He was 
handicapped by the backward state of algebra in his day. 
Had that study been more advancerl than it actually was, 
it is probable that he would much sooner have hit upon his 
thircl law — that the squares of the periodic times of the 
several planets are proportional to the cubes of their mean 
distances from the sun. For, as Whewell says, “ The pro- 
cess of connecting two classes of quantities by comparing 
their powers is obvious only to those who are already 
familiar with general algebraic views. 

The process of selecting out of the several suggestions 
that occur to the mind the one which finally does lead to 
a full explanation of the facts may go on rapidly or slowly. 
Sometimes a false hypothesis is dwelt on and its con- 
sequences worked out in detail before its inadmissibility 
l)ecomes apparent, at others it is rejected almost as soon 
as formed. Wrong hypotheses generally precede right 
ones; and that frequently in the same mind. “To try 
wrong guesses is, with most persons, the only way to hit 
upon rigl)4 ones.”^ It is not, however, pure unguided 
guesswork. In most cases the attempts of previous en- 
(^uirers have shown more or less plainly in what direction 
exphiuation must be sought; either by partial establish- 
ment of some hypothesis, or by making manifest the 
inadmissibility of others. 

I 

* ffist. of Ind. Sciences, vol. i,, p. 323. * Whewell, op. ciV., p. 79. 
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3. Testincf of Hypothesos. — Every hypothesis, then, 
must be held subject to revision. The truly scientific 
thinker has none of the spirit which says “ If the facts do 
not agree with the theoiy, so much the worse for the facts.” 
It was against this spirit — tliis assumption of hypotheses 
on little or no evidence, and obstinate adherence to them 
without much direct reference to the world of fact — that 
Newton protested when he said Jiy^iotheses non fingo^ On 
the contrary, to the true thinker, as Brown says, hypotheses 
“ are of use . . . not as supersiHhng investigation, but as 
directing investigation to certain objects,™ not as telling us 
what we are to l)elieve, but as pointing out to us what we 
are to endeavour to ascertain.”* 

As striking examples of the true scientific spirit,* 
Whewell quotes Kepler and Newton. The former not only 
most earnestly and carefully worked out the results of his 
various hypotheses as to the orbit of Mars, but “ never 
allowed the labour he had spent upon any conjecture t-o 
produce any reluctance in abandoning the hypothesis, as 
soon as he had evidence of its inaccuracy.”^ 

A similar spirit was shown by Newton in respect to his 
hypothesis that the moon is retained in her orbit by the 
force of gravity. From thi.s hypothosis, he calculated that 
the moon ought to be deflected from the tangent of its 
orbit something more than fifteen feet every minute. But 
the apparent deflection was only thirteen feet. This dis- 
crepancy, comparatively small though it was, Newton 
accepted as a disproof of his hypothesis, and ** laid aside 
at that time any further thoughts of this matter,” critical 
though the supposition was to the tlieory of cosinical gravi- 
tation. But some fifteen years later, the distance of the 
moon from the earth had been more exactly ascertained ; and 
Newton repeated his calculations, working with these new 
values. The agreement between the calculated an<l the 
normal actual deflection was then seen to be remarkably 
precise, and the hypothesis became an established theory. 

* I do not invent hypotheses. 

* Philosophy of the Human Mind, vol, i., pp. 230-231. 

* Op. cit. 
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4. Descriptive and Worldag Hypotheses. — ^All hypo- 
theses, then, must be held subject to revision, modification, 
or oven rejection. But it does not follow that a hypothesis 
which is finally disproved has been of no service. Every 
well iiniif^iiied hypothesis, suggested by a real knowledge 
of the facts dealt with, opens out a line of enquiiy which 
is rarely fruitless. As an example we may take the 
Ptolemaic hypothesis of cycles and epicycles to account for 
the motions of the sun, moon, and planets. This hypo- 
1 hesis enabled the ancient astronomers to calculate those 
motions with considerable a(‘.curacy, and was, therefore, 
** of immense value to the progress of astronomical science ; 
for it enabled men to express and reason upon many impor- 
‘t int truths which they discovered respecting the motion of 
the stars up to the time of Kepler.”^ Yet the hypothesis 
was essentially false as an explanation ; for it assumed the 
earth to be the centre round which all heavenly bodies 
revolve, and the motions of all such bodies to be circular. 

A hypothesis may be of a purely descriptive character. 
When the relations embodied in phenomena are unknown 
it is often possible to describe the facts through their 
resemblance to the characteristics of something with whose 
properties we are familiar. The description is )*ecognised 
as rather symbolic than explanatory. Sucli a hypothesis 
was that which spoke of the “electric fluid,” when the term 
‘ fluid ' was used as merely a convenient way of describing 
some of the known phenomena of elwtricity, but with a 
full consciousness that electricity is not a fluid in the 
correct meaning of that woini. So, too, the atom in chem- 
istry was for long regarded by many more as a figure of 
what was real than real in itself. For “ it does not appear 
that philosophers considered the existence and usefulness 
of cbemical^formulae as a proof of the physical existence of 
atoms, or of smallest indivisible particles of matter, in the 
older sense of the theory.”* 

When a hypothesis is provisionally assumed as a guide 

' Whewell, qj). cit,, jp. 84. 

® Morz, Hintary of ihiroptan Thonght in the Nineteenth Century, 
i., pp. 419 420. 
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to enquiry, itls termed ti working hypothesis. It furnishes 
an expression of the facts which is recognised as only par- 
tially adequate, and yet seems indispensable for further 
advance. As Jevons says: “When [Professor Huxley] 
advocates the use of ‘ workinji^ hypotheses ’ he means no 
doubt that any hypothesis is better than none, and that we 
cannot avoid bein^ guided in our observations by some 
hypothesis or other.”* Tlius the corpuscular theory of 
light and the Ptolemaic theory of astronomy were both 
essentially working hypotheses although at one time each 
was mistaken for a real explanation. 

Of such hypotheses more than one may for a time appear 
to be equally true : the facts in question may be expressed 
in more than one way. Many of tlie observed facts of the* 
i|;iotion8 of the heavenly bodies could, for example, be as 
accurately formulated on the Cartesian hypothesis of 
vortices as on the Newtonian theory of gravitation. But, 
as other facts were accurately observed and measured, the 
hypothesis of vortices required a continual series of modi- 
fications each of which made it more complex than before, 
while the Newtonhan theory was found to explain these 
new facts as well as those for whose interpretation it had 
been originally suggested. Thus, the uewsssity of relating 
the original facts to other series of phenomena furnishes a 
test of the truth of a working hypothesis, and as it is only 
in such a relation that explanation can be found, so only a 
working hypothesis which ultimately admits of explanation 
can be true. • 

However, a working hypothesis discarded as untrue may 
still be retained as a ready means of expressing many of 
the facts. “ In optics, the so-called corpuscular theory of 
light is still used with advantage as a convenient means of 
summarising the laws of reflection and refraction.”* 

5. Conditioiis of Validity of Kypotheses. 

(a) Statement of Conditions. Every hypothesis is an at- 
tempt to find meaning in observed phenomena, to constitute 
reality in a i*ational way. It follows that the fundamental 

• 

* FrincipUa of Science, p. 500. * Men^ op. dt., p. 422. 



346 


NATUEB OF HTPOTHBSBS. 


[oh. 28 

condition of a valid hypothesis is that it should explain and 
give meaning to the facts of observation. And it can only 
do this if it embraces those facts in that systematic whole 
which is the one form under which it is possible to think 
the universe. This general condition, then, may be con- 
sidered as involving three subordinate conditions — 

(1) That the hypothesis be self-consistent, and in 

harmony with laws included in the pest of the 

conceived system of reality. 

(2) That it furnish a basis for rigorous deductive 

inference of consequences. 

(3) That these inferred consequences be in agreement 

with fact. 

Of these conditions, the first two are applicable to the 
formation of every hypothesis, no matter how provisional 
a character it may have ; the third is a condition of the 
acceptance of a hypothesis as true. 

(5) Examination of Conditions. First Condition. — The 
requirement that a hypothesis do not involve consequences 
which would be inconsistent with itself is obviously neces- 
sary. That it should not be in conflict with the rest of 
reality as known must be interpreted with caution. There 
is always a presumption that any hypothesis which contra- 
dicts a law which has been found to hold good over a wide 
range of fact is scarcely worth investigation. We should 
be rightly disinclined to entertain a suggestion which 
impli^ the complete reversal of the law of gravitation. 
Yet theories have been received as true, which later thought 
has shown to be false. In this way the Copemican theory 
of the heavens was substituted for the Ptolemaic. When 
the hypothesis is first formulated there is an initial incon- 
sistency which constitutes a definite claim to modify or to 
reject in the interests of truth what has been previously 
accepted as an explanation of the facts. In no case is the 
new hypothesis held concurrently with theories inconsis- 
tent with itself ; on the contrary, the previously accepted 
theories are modified and brought into harmonycwith the 
new view necessitated by the fuller study of reality. As 
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science advances, the probability that necessity will arise 
for any such thorough going revision of our concepts as 
was involved in the acceptance of the Copemican theory or 
the doctrine of evolution becomes continually smaller. 

Second Condition. — It is impossible to infer any con- 
sequences from the absolutely unknown. As Jevons says : 

“ We can only infer what would happen under supposed 
conditions by applying the knowledge of nature we possess 
to those conditions.”^ Hence, our hypothesis must be 
always in accordance witli some analogy, or based on some 
experience ; otherwise we can draw no conclusions from it. 
To quote Jevons again : “ When we attempt to explain the 
passage of light and heat radiations through space unoc-» 
cupied by matter, we imagine the existence of the so-called 
ether. But if this ether were wholly different from any- 
thing else known to us, we should m vain try to reason 
about it. We must apply to it at least the laws of motion, 
that is, we must so far liken it to matter. And as, when 
applying those laws to the elastic medium air, we are able 
to infer the phenomena of sound, so by arguing in a 
similar manner concerning ether we are able to infer the 
existence of light phenomena corresponding to what do 
occur. All that we do is to take an elastic substance, in- 
crease its elasticity immensely, and denude it of gravity 
and some other properties of matter, l)\it we must retain 
sufficient likeness to matter to allow of deductive calcula- 
tions.” * 

Hypotheses, then, should not be mere arbitrary fictions. 
Indeed, if they turn out to be true, they will alfvays 
be hypotheses with a vera causa.^ For a true cause is 
one whose assumption is necessary to reconcile observed 
data. It need not be already known to exist : it may be 
conceived for the first time when suggested as a possible 
explanation. Nor need it be open to direct perception: 
that would rule out such fruitful theories as the atomic 
constitution of matter and the assumption of a lumini- 
ferous ether. But it must be in real and necessary relation 
to the fa^B we are considering. If a hypothesis deals 

* Op. cit.f pp. 511-512. 
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with a true cause fulfilling that requirement then it will 
necessarily offer a basis of deductive inference to the facts 
dependent on the true cause to which it refers. 

Third Condition.— As the very aim of every hypothesis 
is to express the relations whicli exist in reality, it is 
obviously essential that the hypothesis should be verified 
by comparison of the results deduced from it with facts of 
observation. In order that this may be done it is essential 
that the consecpieuces of the hypothesis should be inferred 
with the utmost precision, and that the comparison of these 
consequences wilh ihe facts should be made with great care 
and accuracy. The hypothesis must, of course, in the first 
^ place agree with the phenomena it was invented to explain. 
But we must not rest satisfied with this. It must be com- 
pared with facts of the greatest possible variety, and exem- 
plifying every possible case which can l)e brought under it. 
A single absolute disagreement with facts is fatal to a 
hypotliesis. 

Nevertheless, a hypothesis is not to be hastily aban- 
doned on the first prima facie conflict with reality. It 
must be made clear first that the opposing facts have been 
rightly grasped — that they really are in conflict with the 
hypothesis. If this turns out to be the case, enquiry 
should be made as to whether these facts have not l>een 
partly determined by the existence of interfering con- 
ditions, in the absence of which they would be found in 
agi*oement with the hypothesis. And, finally, if, after 
making all such allowances, the facts are still in conflict 
with the hypothesis, it must be considered whether a modi- 
fication of the latter will meet the case, or whether it must 
be absolutely rejected. 

6. Exteniion of Hypotheses. — If the hypothesis is 
true, it wiH generally be possible to infer deductively from 
it facts which have not been before explained or which 
have even been unobserved. Still, Comte’s saying that 
“ prevision is the test of true theory cannot be accepted 
absolutely, as a hypothesis may be true even though it does 
not enable the discovery of new facts to ber predicted, and, 
on the other hand, predictions may sometimes be made 
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’'successfully from a false hypothesis. Yet, it is, doubtless, 

, one of the tests of the validity of a hypothesis. 

The history of science is full of such extension and pre- 
uictiou. Thus, for example, the discovery of Neptune was 
predicted by deductive reasoning from the principle of 
gravitation. Other instances of deductions from the same 
theory are thus summarised by Whewell: “ Tlie attniction 
of the sun accounted for the motions of the planets ; the 
attraction of the y)lanets was the cause of the motion of the 
satellites. But t his l)eiiig assumed, the perturhations, and 
the mot ions of the nodes and aphelia, only made it requisite 
to extend the altriictiou of the sun to the satellites, and 
that of the planets to each other the tides, the spheroidal, 
form of the earth, the precession, still required nothing 
more than that the moon and sun should attnict the parts 
of the earth, and these should attrfuit each other ; — so that 
all the suppositions re.solved themselves into the single 
one, of the universal gravitation of all matter.'’* 

Another example is WhowelFs own prediction that as 
the tides of the German Ocean consist of interfering tidal 
waves, one coming round the North of Scotland and the 
other through the English Channel, there would l>e a point 
about midway between Lowestoft and Brill on the coast of 
Holland, where no tide would be found, the two inter- 
fering waves exiictly neutralising each other. The ac- 
curacy of this prediction was established during a survey 
of that sea. 

The next instance we will take is a striking one as it 
shows how it is permissible to maintain a clearly concfeived 
hypothesis, even though results may be deduced from it 
which are at variance with present cxy^rience, if it can be 
shown that it explains these exceptions. It is thus re- 
corded by Herschel : “ When Dr. Hutton expounded his 
theory of the consolidation of rocks by the application of 
heat, at a great depth below the bed of the ocean, and 
especially that of marble by actual fusion ; it was obiected 
that, whatever might be the case with otiliers, with cal- 
careous or marble rocks, at least, it was impoesible to grant 


* Op, cU,f p. 92. 
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such a cause of consolidation, since heat decomposes their 
substance and converts it into quicklime, by driving off the 
carbonic acid, and leaving a substance perfectly infusible, 
and incapable even of agglutination by heat. To this he 
replied, that the pressure under which the heat was applied 
would prevent the escape of the carbonic acid ; and that 
being retained, it might be expected to give, that fusibility 
to the compound which the simple quicklime wanted. The 
next generation saw this anticipation converted into an 
observed fact, and verified by the direct experiments of Sir 
James Hall, who actually succeeded in melting marble, by 
retaining its carbonic acid under violent pressure.^*' 

^ As a last example wo will take one from the theory of 
Electricity, quoted by Jevous. “As soon as Wheatstone 
had proved experimentally that the conduction of electricity 
Occupies time, Earaday remarked in 1838, with wonderful 
sagacity, that if the conducting wires were connected with 
the coatings of a large Leyden jar, tlie rapidity of conduc- 
tion would be lessened. This prediction remained unveri- 
fied for sixteen years, until the submarine cable was laid 
beneath the Channel. A considerable retardation of the 
electric spark was then detected, and Faraday at once 
pointed out that the wire surrounded by water resembles 
a Leyden jar on a large scale, so that each message sent 
through the cable verified his remark of 1838.”* 

7. Crnoial Instances. — It happens sometimes that two 
or even more different hypotheses will explain a great num- 
ber of the phenomena in question. In such a case, it is 
necessary to look for some instance which can be explained 
on only one of these rival hypotheses. As Ueberweg puts 
it : “ One single circumstance, which admits of one explana- 
tion ordy, is more decisive than a hundred others which 
agi'ee in A1 points with one's own hypothesis, but are 
equally well explained on an opposite hypothesis.'** Such 
a test case is called a Crucial Instance, and if arriyed at 
^ experiment, the experiment is named Ea^erimentum 
Cmds, The essence of such an instance is that it should 

^ EatvroU Philosophy, § 299. • Principles of Science, p. 543. 

* JLogsc, Eng. Trans., p. 513. 
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absolutely negative one hypothesis, and at the same time 
confirm another. 

The most remarkable instance in modern science in 
which many phenomena were equally well explainable on 
either of two incompatible hypotheses, was, perhaps, in the 
case of the long rivalry between the corpuscular and the 
undulatory hypotheses of light. “ It is remarkable,” says 
Jevons, in how plausible a manner both these theories 
agreed with the ordinary laws of geometrical optics, relat- 
ing to reflection and refraction.”^ But “ if the undulatory 
theoiy he true, light must move more slowly in a dense 
refracting medium than in a rarer one ; but the Newtonian 
theory assumed that the attraction of the dense mediuix:> 
caused the particles of light to move more rapidly than in 
the rare medium. On this point, then, there was complete 
discrepancy between the theories, and observation was re- 
quired to show which theory was to be preferred. Now 
by simply cutting a uniform plat^e of glass into two pieces, 
and slightly inclining one piece so as to increase the length 
of the path of a ray passing through it, experimenters were 
able to show that light does move more slowly in glass 
than in air.”** 

Another exi)erimentum crucis in connexion with the same 
two hypotheses is related by Herschel. He says : ** When 
two very clean glasses are laid one on the other, if they be 
not perfectly flat, but one or both in an almost impercep- 
tible degree convex or prominent, beautiful and vivid 
colours will be seen between them ; and if these be viewed 
through a red glass, their appearance will be that of alter- 
nate dark and bright stripes. These stripes are formed 
between the two surfaces in apparent con^t, as anyone 
may satisfy himself by using, instead of a flat 'plate of glass 
for the upper one, a triangular-shaped piece, called a prism, 
like a three-cornered stick, and lookmg through the in- 
clined side of it next the eye, by which arrangement the 
reflexion of light from the upper surface is prevented from 
intermixing with that from the surfaces in cont^. Now 
the ooloi^^ stripes thus produced are explicable on both 

* Ibid., p, 62L 


' Op. cit., p. 520. 
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, theories . . . but there is a difforence in one circumstance 
according as one or the other theory is employed to explain 
them, in the case of the Huyghenian [the undulatory] 
doctrine, the intervals between the bright stripes ought to 
appear absolutely black ; in the other, half hrighty when 
so viewed through a prism. The curious case of difEer- 
ence was tried as soon as the opposing conseipieuces of the 
two theories w^ere noted by M. Fresnel, and the result is 
stated by him to be decisive in favour of that theory which 
makes light to consist in the vibrations of an elastic 
medium.”' 

Hut it is not only between great rival theories that 
ex^terimenia crucis may bo called to decide. Whenever 
two explanations of a phenomenon are possible, such an 
experiment isre([uired. For instance, in investigating the 
♦ nature of the inoh cular structure of a gas : If the gas is 
compressed arc the molecules themselves compressed, or 
are they only brought nearer to each other ? Now, if the 
former is the case, the rate of vibration of the molecules 
will be altered. 13ut a gas intercepts the colours whose 
rates of vibration correspond with those of its molecules. 
If, therefore, the rates of vibration are changed by com- 
pression of the gas, the gas will no longer intercept the 
same colours as before; but if the molecules are simply 
brought nearer together, the same colour waves will be 
intercepted, but to a greater extent. The latter being 
shown to be the case by experiment, it is proved that 
compression of the gas does not affect the size of the 
individual molecules of which it is composed, but simply 
brings them .closer together. 


^ Natural Philosophy, § 218 . 



CHAPTER XX TX. 

THE INCEPTION OF HYPOTHESES. 

1. The Beginnings of Induction. — Hypotheses are^ 
suggested to the mind by observed experience, but tliey 
occur only to that mind vvhicli can use what it already 
knows to throw light on tlie fa<':ts. The aim of every " 
hypothesis is to bind together into an intelligible whole 
a vast mass of experiences otherwise disconnected. I'liiis 
at the basis of each is a real or imagined likeness between 
things or events. 

The likeness which first strikes the mind is that of 
external observable resemblance. Ihe mind tends to 
generalise imcontradicted experience into universal law. 
Logically this is the first suggestion of a hypothesis that 
such resemblance is really universal — a hypothesis which 
deserves consideration but which cannot 1x3 taken as 
proved. The attempt to show that it is true nmst pro- 
ceed through examination of the nature and relations* of 
the facts involved. So is reached likeness of a more 
fundamental Vind — one not always open to direi^t olsserva- 
tion. Our thought has passed from obvious resemblance 
which can be enumerated to that dee|)er likeness which is 
strictly called analogy. But the fact that a suggested 
explanation has its analogue in some other relation known 
to exist does not prove its truth. We are still, then, in 
the realm of hypothesis; the establishment of the si^- 
position as true has yet many stages to pass through. 

These two initial stages, however, are of sufficient im- 
portance lo deseiwe our serious consideration of their logical 
value and function. 


I. L. 


353 


23 



354 THE INCEPTION OP HTPOTHESBB. [CH. 29 

2. Ennmerative Induction. — Generally it may be 
said that every observed regularity of connexion between 
phenomena suggests a question as to whether it is uni- 
versal. To take a simple example from mathematics — ^it 
is easily seen by simple inspection that 1 -f 3 = 2^ 
1 -b 3 -b 5 = 3*, and so on. This suggests the hypothesis 
that in every case the sum of the first n odd numl)ers will 
be equal to w’. Such a hypothesis may be tested by 
additional examples, and as it is found to hold in a con- 
tinually increasing immlKT of cases, the probability of its 
holding universally is strengthened. But it can never be 
more than an empirical law— that is, a description of 
twhat relation actually does hold — until its necessity is 
established by a consideration of the essential prop€*rties 
of numbers, and this takes us beyond mere enumeration. 

Such inductive inference does not start from wholly 
unorganised experience. Ordinary speech carries with it 
an enormous amount of pi-eliminary organisation. In 
learning general terms we are learning to class things, 
actions, and qualities together, so that their points of re- 
semblance are, as it were, forced on our notice. Were it 
not for the general name ‘dog,’ for instance, would the 
thinking together, as members of one class, animals which 
show so many differences of size, form, and colour, be as 
general as it is? Evidently it wrould not he so readily 
acquired. 

Here we meet the first difficulty of induction. The 
things marked out by common speech can l)e thought in 
various relations of likeness to other things, and therefore 
classed in various ways. ^ Wheat, for example, may be 
thought of as food, as a grass, as a plant, as an import 
into this country or an export from that, as a product 
of tlie temperate regions, and so on. So according to the 
purpose of knowledge at the time we must determine 
under which of these sets of relations the particulars we 
are examining shall be thought. This determination is 
itself a preliminary hypothesis — that the gi^und of the 
i^ation we seek to establish wUl be found within that set 
of relations. Here error is very possible. Yte should, 
for example, be unjusUffed in inferring the excellency of 
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all pictures from the recognised excellence of a few we 
have examined, even had none but admirable examples 
come within our purview. But if we take as a narrower 
class within the genus ' picture/ the pictures painted by 
one great artist we have a more probable ground for the 
expectation that new examples of that class will possess 
not only excellence but excellence of the kind exemplified 
in the pictures we have examined. 

Tet the adoption of too wide a class as our first working 
hypothesis may be prolific of result. Suppose, for example, 
that electricity has been observed to move freely in silver 
and copper. There are two obvious concepts under which 
‘ silver ’ and ‘ copper * fall, viz. metals and substances. The* 
direction of enquiry will be different according as one or 
the other of the two is adopted. If we take the first, our 
attempted generalisation, ‘ In all metals electricity moves 
freely,’ will as a matter of fact be correct : if we take the 
second and assume that 'Electricity moves freely in all 
substances,’ the assumption will be false, but the em^uiry 
based on it will be more fruitful, for it will probably lead 
to the true concepts under which to think the phenomena 
— conductors in which electricity moves freely, insulators 
in which it does not. In this case the concepts that we 
really need are not fully defined until the end of the in- 
vestigation, and as a rule the concepts available, because 
already named, merely serve to give a starting-point for 
the enquiry. 

Now when from observed resemblances we tentatively 
proceed to a universal relation we have a syllogism in the 
third figure, which regarded as an attempt at demonstra- 
tive inference is invalid. We have observed that oertain 
individuals a, 6, c, d have the quality P, and we have 
classed 6, c, d under the dass-name S* So we get the 
premises 

a, 6, c, df a/r^ P, 

a, bf Cy dy are 8. 

As 5 is undistributed we have no formal ground for 
asserting \hat every 9 is P; but it is suggested as a 
possible truth, 
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3. Analogy. 

(i) Nature. — How sLall we set out to verify it ? Two 
ways lie open before us. The most obvious is to complete 
the enumeration of the contents of the class S. This we 
liave already seen to be incapable of yielding any assur- 
ance that P is so connected with the nature of S that it is 
necessarily present with it. To reach this assurance is 
possible only tlirough an analysis of that nature. By 
itself enumeration can never got beyond a jjrobability ; 
which, while it may l^e high enough for practical needs, 
has no theoretical certainty. If we had nothing but un- 
contradicted experience to go upon we could not establish 
‘ as a universal truth that all men die, though the expec- 
tation would be safe enough to determine the action 
of Assurance Companies. And in most cases we have 
nothing like the amount of uncontradicted exi^erience 
which is here available. 

We must, then, take the other line and proceed to the 
analysis of the nature of the phenomena in question. 
This is the work of all modern science, and the one task 
of inductive logic is to analyse its methods. Its first step 
is Analogy. 

Why do we class a, 6, c, d under S when we are con- 
sidering their relation to P ? Tlie only jwssible answer is 
that we see in the nature of S some relation to P which 
we Ixdieve to be pertinent to the matter in hand. If we 
denote this by we have the premises 

P iff X, 

S is X, 

from which tliere still follows nothing but a probability 
that S is always P, though this probability is higher than 
it was before, because it is now based on a fir$t examina- 
tion of Wie nature of the phenomena — the ^"wMch forms 
the middle term is a supposed causal relation. 

Let us suppose, as an example, that certain schools — 
a, 6, c, d — are shown by statistics to be abnormally suc- 
cessful at a certain examination. This success we will 
denote by P. When we try to account for this Sve seek to 
find something in common between a, 6, o, d which will 
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explain R. In other words, we search for an S under 
which to class a, 6, c, c/. Now the first S suggested is 
schools — and that is obviously insufficient for our purpose. 
We may then seek among such specific divisions between 
schools as are given by local position, character of build- 
ings, social class of pupils, number of pupils. If we find 
agreement in any one of these points between all tlie cases 
of abnormally successful schools we have a ground for 
trying to pass on to the analogical argument. For ex- 
ample, if ay b, Ci d seem to agree in the social class of 
their pupils we sliould ask whether that involved any 
conditions especially favourable to study, as, e.g, oppor- 
tunities in the way of books, of cultured help from parontsf 
of a quiet room for work. These would form the X of 
our analogical argument, and we should infer a probable 
connexion l^etween facilities for study and success in 
examinations. 

But if Qy by Gy 6 do uot agree in any such points we 
must seek further for our S, and we shall naturally look at 
the teachers employed and see if wo C/aii find there any- 
thing differentiating a, 6 , c, d from those other schools 
which are less successful in the examination. If we can^ 
not, we obviously have not a sufficient S; if wo can we 
have an S in which we may find the bond of relation to P 
in superiority of skill, of industry, or of numbers. 

Analogy tlien takes us an important step beyond mere 
enumeration. It is our first tentative effort towards ex- 
planation, and it rests on resemblance. Now as resem- 
blances are of all degrees of importance to the relation we 
wish to establish it is evident that the probability of our 
conclusion may be of any degree of strength. If the X is 
superficial the argument carries little or no conviction. 
The itifepeaipe that any other planet is inhabited by living 
beings like ourselves has no forco if it is based only on 
the fact that they also are members of the solar system. 
To the extent to which conditions essential to human life 
can be shown to exist, say on Mars, to that extent the 
argument to the probability of the existence of * Martians ’ 
is strengtnenecL 

Arguments from analogy may thus be extremely super- 
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ficial — of rhetorical ratlier than of logical force. On the 
other hand, tliey may be of considerable cogency. Every- 
tiling depends on the nature of the resemblance. If it is 
really the ground of the P we are inferring — then we have 
only to make sure of this to pass from analogy to proof. 
We are seeking that bond of identity between our S and 
our P. So long as it is only probable, we are on the level 
of analogy : the more wo can strengthen that probability, 
the stronger becomes our inference. So that analogy 
points beyond itself to further inductive methods. 

(ii) Force. — Before passing on to examine them we 
must briefly consider the question : What is the criterion 
t.oi importance by wliich to judge the characteristics on 
which the inference is based? Now ‘important’ and 
‘ essent ial ’ are relative terms, and point beyond themselves 
to something in relation to which the ‘ importance * and 
‘essentiality * is grounded. A characteristic is important 
for one purpose, but unimportant for another ; and if its 
importance is so great that without it the former purpose 
cannot he achieved, we say it is essential. Essential, then, 
means ‘ essential for the end in view.’ Thus, the criterion 
of the value of an analogical inference must lie found in 
the conception of pui'pose or end. 

This is easily seen when the cases with wliich an in- 
ference is concerned are purposive works of man. For 
example, by analogy we conclude that certain flints found 
in the earth are remains of weapons, because they bear 
marks of artificial shaping of such a kind as to adapt 
them to be cutting or piercing instruments, and corre- 
sponding, moreover, to those of flint weapons made and 
used by savages at the present day. Similarly we should 
infer by analogy that a pair of spiked shoes were intended 
for use at cricket, because the affixing spikes to cricket 
shoes has an obvious purpose. In organic life the end or 
purpose must be regarded as the perfection of nature 
readied through a long course of evolution. But inference 
here is often backwards, and then the nature is sought in 
the past. Thus, the biologist when his purpose is to attain 
knowledge of the common origin of ^vergeut Species of 
organisms seeks, as the ground of an inference from 
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analogy, those marks which the course of evolution is most 
likely to have left largely immodilied ; and they are not 
generally those which are most striking as points of resem- 
blance. 

Prom what has just l)ecn said it is evident that the force 
of an argument from analogy depends upon the character 
of the identity, and not upon the apparent amount of 
similarity. As Mr. Sidgwick says: Whenever ‘ degree’ 
or ‘amount* of resemblance or difference is spoken of, the 
student must remember that, for all purposes of reason- 
ing, a resemblance or difference is great or small, not 
according either to its power of striking the observer’s 
notice, or to the mmher of ‘ points * (or details) into which^ 
it may bo analysed ; but according to the importance of 
of its details in regard to the matter in hand.”^ 

Nevert-lieless this mistake has often Ix'en made, even by 
writers on logic. Thus Mill says : “ Since the value of an 
analogical argument inferring one resemblance from other 
resemblances without any antecedent evidence of a con- 
nexion between them, depends on the extent of ascertained 
resemblance, compared first with the amount of ascertained 
difference, and next with the extent of the unexplored region 
of unascertained properties ; it follows that where the resem ■ 
blance is very great, the ascertained difference very small, 
and our knowledge of the subject-matter tolerably exten- 
sive, the argument from analogy may approach in strength 
very near to a valid induction. If, after much observation 
of fl, we find that it agrees with ^ in nine out of ten of 
its known properties, we may conclude with a probability 
of nine to one, that it will possess any given derivative 
property of 

But we do not number but weigh our instances in 
analogy. And if we wished to number them, how could 
we do so ? Who shall decide as to whether a given point 
of identity or of difference is one ‘ property * or a dozen ? 
It is all a matter of arbitrary mental analysis. ‘Properties* 
are not isolated and separate individualities, which we can 

* ProGUB of Argumtnt^ p. 194, note* 

^ Logic, IIL XX. § 3. 
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count and enumerate as we can balls or books. It is, 
therefore, meaningless to speak of a ‘ratio’ in this con- 
nexion ; for a ratio rerpiires a unit, and a unit is here 
unattainable. Moreover, it is impossible to estimate the 
number of ‘unknown’ properties; such estimation assumes 
them known, and tlierefore to speak of “ the extent of the 
unexplored region of unascertained properties ” is to fall 
into a contradiction in terms. 

Nor must it he assumed that every point of difference 
furnishes a probability against the connexion of S and P. 
If the points of ros(‘nil>lancc are (Essential, the points of 
difference may be disregarded; and similarly, if the points 
of difference are essential, no amount of resemblance in 
^ other points will make the inference a safe one. The utter 
hopelessn(‘ss of inferj-ing frcmi the relative “extent of 
ascertained reseniblaiice ” and “extent of ascertained 
diffcTenco” is strikingly shown in the following passage 
from Dr. Wallace’s Darmnism, in which he is speaking of 
the variations of plants, and in which it is seen that an 
analogical argument from amount of resemblance not only 
may lead an eu(|uirer wrong when he is comparatively im- 
acquainted with the subject-matter, but actually did mis- 
lead a great number of specialists : — 

“ All the cucumbers and gourds vary immensely, but the 
melon (Cucumis melo) exceeds them all. A French botan- 
ist, M. Naudiu, devoted six years to their study. He 
found that previous botanists had described thirty dis- 
tinct species, as they thought, which were really only 
varieties of melons. They differ chiefly in their fruits, 
but also very much in foliage and mode of growth. Some 
melons are only as large as small plums, others weigh as 
much as sixty-six pounds. One variety has a scarlet fruit. 
Another is not more than an inch in diameter, but some- 
times more than a yard in length, twisting about in all 
directions like a serpent. Some melons are exactly like 
cucumbers; and an Algerian variety, when ripe, cracks 
and falls to pieces, just as occurs in a wild gourd.” '■ 

Differences, then, cannot override essential identity. 


> Pp. 87-88. 
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But, in so far as our instances differ, those differences 
c^ll for explanation, and when this explanation shows that 
they are not essential, but merely accidental, in relation to 
the purpose in view, the ai'gument from analogy is con- 
firmed ; though it must be borne in mind, that this con- 
firmation can never amount to demonstration while the 
inference remains analogical. Thus, in the example just 
quoted, the striking differences of the different varieties 
were shown on investigation not to be essential ; that i^, 
they were proved to be due to the course of evolution and 
not to the original common nature which was the subject 
of investigation. 

(iii) Fallacies incident to Analogy. — It is eviden^ 
that the use of analogy is peculiarly liable to lead to 
fallacious inference. If tlie analogy is a false one, the 
hypothesis suggested by it will be wrong and the en- 
quiry will l)e started on a false scent. This is con- 
tinually happening in scientific investigations; further 
e.xaniination of phenomeua constantly leads to modification 
or rejection of the hypotliesis. In the former case the 
analogy on wliich the hypothesis was based was partly, and 
in the latter case wholly, erroneous. 

When an analogy leads to a hypothesis which is after- 
wards found to be only partially true, and, therefore, to 
need modification, it is l^ecause the force of the analogy has 
been wrongly estimated. The analogy is really present, 
and really suggests a Iiypothesis of tljis general chariicter. 
But the points of identity have l)een allowed toq much 
weight relatively to the points of difference with which 
they are bound up, and, as a consequence, the hypothesis 
is found to break down in a detailed application. Here, 
it will be seen, we have really a fallacy of non -observa- 
tion of conditions as the stcarting-point of our false 
analogy. 

One special case of false estimation of the force of an 
analogy is when the exact point of the analogy is missed. 
In this case, points of identity which are important re- 
latively to one purpose are made the basis of an analogy 
direct^to another purpose. The importance of points of 
identity we have afre^y seen to be relative to purpose. 
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To apply to one end an analogy which holds for another 
end may, therefore, yield a hypothesis which may be of 
any degree of inaccuracy — partial or total — according to 
the remoteness of the two purposes from each other. The 
argument, humorously put into the mouth of Socrates by 
Plato in the lieimhlic, “that if justice consists in keeping 
property safe, the just man must be a kind of thief; for 
the same kind of skill which enables a man to defend 
property, will also enable him to steal it’^* is an in- 
stance of this species of false analogy. The identity in 
skill IS not important in reference to the r|uestiou under 
consideration. For “justice is not a kind of skill, but a 
kind of activity. The just man is not merely one who can^ 
*but one who does, keep property safe. Now, tliough the 
capacity of preserving property may be identical with the 
capacity of appropriating it, the act of preserving is cer- 
tainly very ditferent from the act of appropriating.” ^ 

To mistake the exact bcMiring of an analogy may, then, 
lead to as much error as to assume the existence of an 
analogy where none exists ; in fact, utter mistake of the 
bearing of an analogy will probably give rise to the appli- 
cation of it to cases on which it has no real bearing. 

The use of metaphorical language is a f rei|uent source of 
such errors ; in those cases the false analogy may be said 
to be based on, and to grow’ out of, a fallacy of Figure of 
Speech. For instance, it is false analogy due to metaphorical 
language to condemn the metro|)olis because it is called 
the ‘ heart ^ or the 'head’ of the body. As abnonnal 
increase of these members points to disease in the natural 
body it has been urged that analogous diseases will follow 
in the body politic if the capital of the country becomes 
very large. Thus Smollett in Humphry Clinker says of 
London: “Tlie capital is become an overgrown monster; 
which, like a dropsical head, will in time leave the body 
and extremities without nourishment and support. . . . 
What wonder that our villages are depopulated, and our 
farms in want of day-lalwurers ? ” Now, the abnormal 
influx of labour into the great towns from the country is, 


» i. 334. 


^ Maokcuzie, Mamudof Eddes, 3rd Edn., p. 15. 
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undoubtedly, a social evil of considerable magnitude. But 
the growth of the towns is the effect of this influx, not its 
cause, and the consequent evils are not essentially analogous 
to ** leaving the body and extremities without nourish- 
ment and support.*’ 

Arguments of this character were common among the 
Greeks, who attached undue importance to words and the 
analogies they suggest. That the governor of a state is 
like a pilot, for instance, is true in some points of not flrst- 
rate importance ; but that his functions are unlike those of 
a pilot in many other points which are of great importance 
is also true. 

A very common false analogy is that between a com- 
munity and an individual. As the latter goes through* 
successive periods of growth, maturity, and decay, so the 
hypothesis is formed that every nation must do the saine, 
and it is assumed that after a longer or shorter period of 
vigour and prosperity the nation must gradually lose its 
place in the world. The disastrous consequences of such a 
theory upon the energy of the nation in general and its 
leaders in particular are obvious and can scarcxdy be exag- 
gerated. And history lends some colour to the theory in 
recounting the rise and fall of great empires. 

Examination of the cii’cumstances tends, however, to 
show that such decay is not a necessary consequence of the 
continued life of the state j it occurs at tlio end of periods 
more or less protracted, and may in every instance be 
explained by conditions independent of the mere duration 
of the commimity as an organised state. On the* other 
hand, in the case of the individual organism, senile decay 
is a direct result of the constitution of the body, which is 
such that after a certain interval decay excecnls recupera- 
tion and at last necessarily ends in death. The fall of 
great empii-es is more analogous with death from disease 
than with death from old age. Hence, there is no reason 
to regard such decay of power and prosperity as the nec^- 
sary end of a lengthened existence. 

The falsity of the analogy is well shown in the following 
passage from Burke’s Letters on a Regicide Peace : **1 am 
not quite of the mind of those speculators who seem 
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assured that necessarily, and by the constitution of things, 
all states have the same periods of infancy, manhood, and 
decrepitude, that are found in the individuals who compose 
them. Parallels of this sort rather furnish similitudes to 
illustrate or to adorn, than su[)ply analogies from whence 
to reason. The objects which are attempted to be forced 
into an analogy are not found in t he same classes of exist- 
ence. Individuals are physical beings, subject to laws 
universal and invariable. The immediate cause acting in 
those laws may be obscure : the general results are subjects 
of certain calculat ion. But commonwealths are not pliy .sical 
but moral essencxjs. They are artificial combinations, and, 
^ in their proximate efficient cause, the arbitrary productions 
of the human mind. We are not yet acquainted with the 
laws which nec^essarily influence the stability of that kind 
of work made by that kind of agent.’’* 

A favourite rhotoriciil form of the argument from analogy 
is to illustrattui great and complex relation by one familiar 
and simple. That by a ladder one may climb upwards is 
evident. So the enthusiastic platform ‘ educationist ’ has 
only to speak of “an educational ladder from the gutter 
to the university ” to justify to most of those who hear or 
read his remarks the lavish expenditure of public money 
in scholarships. Pew ask what is meant by such rising in 
the world, or whether it is a public duty to help certain 
individuals so to rise above their fellows. The metaphor 
with its play on words is taken as a reality with an iden- 
tity in nature. 

Such metaphors are the stock in trade of the popular 
politician. Ho assumes that general and abstract reason- 
ing is “ caviare to the vulgar,” and so be dis|>enses both 
liimself and them from the necessity of real thought, and, 
giving vein to his pictorial imagination, finds that he cau 
‘ prove ’ "hny thing, so that when he changes his funda- 
mental opinions he can support the new with equal sound 
and fury — and with equal want of conclusiveness — as he 
formerly upheld the old. 

Doubtless at times such analogical illustmtions are per- 


* Works^ vol. viii., pp. 78-79. 
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tinent and helpful. But always they are open to the 
dangers that they may l)e superficial and therefore mis- 
leading, or that even if valid they may be pressed further 
than their nature imlly justifies. That a wall is an 
obstacle to communication is a plain matter of fact. So 
the orator has only to speiik of a iariff “wall ** to suggest 
that the imposition of customs duties liiiiders trade in the 
same way as a wall hinders free passage, and that the 
higher they are the more effectively they do so. Neither 
he nor his hearers think it necessary to ask how far the 
analogy is a true one. 

As an exercise, the reader may ask himself what con- 
clusion he on rational grounds feels justified in drawing 
from the following argument of Mr. Deakin, at the time* 
prime minister of the Commonwealth of Australia : “ I 
should be very sorry to see any doctrine adopted which 
suggests that it is intended to wrap the British Empire in 
a napkin in case it should catch cold. To treat it as if it 
possessed so tender a cuticle that it could not be touched 
without permanent and fatal irritation is to brand it as a 
poor organism incapable of coping with the ordinary diffi- 
culties in its path or the necessary ailments which come 
from abuses or mistakes,”^ 

Fallacy from analogy, then, always consist^j in regarding 
the analogy as of greater probative force than it really has 
in relation to the case in hand. Obviously it reaches its 
climax when an analogy by itself is set forth and accepted as 
really proving anything. The strongest analogy only adds 
to the probability of a hypothesis, the proof of which must 
be sought in further enquiry. 


^ The. Great Preference Debate, pp. 187-188. 



CHAPTER XXX. 

ESTABLIAHMENT OF HYPOTHESES. 

1. Conditions of EstabUshment. — We have seen that 
neither simple enumeration nor analogy can do more than 
•suggest a tentative hypothesis which can only le trans- 
muted into an established truth by other and more exact 
processes of investigation. The logical analysis of these 
is now to occupy us. As a necessary preliminary, however, 
to our enquiry we must see clearly what is its aim ; that is, 
we must decide what conditions a hypothesis must fulfil to 
entitle it to be regarded as established and proved. 

These requirements were succinctly stated by Clifford : 
“ In order to make sure that your supposition is true, it is 
necessary to show not merely that that particular supposi- 
tion will explain the facts, but also tliat no other one will.*’^ 
To put it symbolically : If our suggested hypothesis is 
If JL, then Z, it cannot be Iield to be proved until we also 
establish If Z, then A. This we have already seen is the 
aim of experiment.^ Enumeration suggests A as the cause 
of Z; analogy strengthens that suggestion by finding a 
ground for the relation. But if the hypothesis states a 
real causal law it is reciprocal. Not only does A secure Z, 
but Z can be secured in no other way. 

This is always a task of much difficulty, and before the 
law or theory can be regarded as absolutely established 
it will have passed through many successive stages of 
increasing probability. The terms ‘Law’ and ‘Theory’ 
are not clearly differentiated, but the distinction, so &.r 
as it exists, is that a theory systematises a number of 
general relations or laws. * 

^ and p. 137. * 8ee pp. 317*3399^ 
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2. Dteeet Development of Hypotheeii. — ^When we 
seek evidence to establish the truth of a suggested causal 
relation we may or may not find it open to direct obser- 
vation, with or without the aid of experiment. If it is 
not we must work indirectly, and compare the facts we 
can observe, not with tlie hypothesis itself, but with con- 
sequences we can deduce from it. This process we shall 
consider later. If, however, the hypothesis itself can be 
directly brought to the test of comparisQji with fact, then 
the scientific worker adopts certain precautions in the 
selection and manipulation of the evidence ; and these the 
logician is able to analyse. The first clear exposition of 
these practical methods of direct enquiry was given by , 
Herschel ^ ; the classical logical analysis was made by 
Mill.* Since then they have been generally accepted by 
logicians, though with the reservation that they are not 
nearly so conclusive and rigid as Mill appears to have 
believed. 

As analysed logically the methods of course stand apart 
as separate and independent modes of enquiry. This 
sepamtion, however, is wholly the work of the logician, 
made for simplicity of exposition of their logical character. 
Til actual scientific work they no more exist apart than do 
the vital, physical, and chemical processes in the life of a 
plant or animal. Nor can they ever be employed with 
that formal rigidity which would be necessary to enable 
them to be by themselves absolute grounds of proof. 

All the methods aim at elimination. Causal connexions 
are never found pure in nature ; they are always associated 
with conditions which are irrelevant to them. To distin- 
guish what is relevant from what is irrelevant, and so to 
isolate the real causal connexion sought, is the only way 
in which that connexion can be revealed. This is a process 
of logical elimination which may or may not be aided by 
a physical separation. It proceeds on two fundamental 
principles; first, that whatever can be absent when thei. 
phenomenon is present is not causally connected with it, 

' Preliminary Dif^couree on the Study of Natural Philoscphy. , .r 

a Ugic, III. ix. 3, ^ 
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aud secondly, that whatever can be present in the absence 
of the phenomenon is no part of its cause. These prin- 
ciples are direct applications of the doctrine of causation : 
they assume that every event must have a cause and that 
the same caus(5 produces the same effect. 

The formal principle that if a definite set of conditions 
give rise to a definite set of phenomena, and if another set 
of conditions, partly like and partly unlike the former, give 
rise to another set of phenomena, also both like and unlike 
the former, them that a causal bond is indic^ited between 
the elements which remain stable in both sets, and negated 
between those that rest unchanged in one set and change 
^in the other, may be symbolically expressed. 

^ B followed by xy 
AC if xz 

causal connexion probable between A and Jr, but not 
l)etween A aud y, A and z. B and jt, B and z, C and z, C 
and y. The possibility of such a connexion between B 
and y, C and z is untouched. 

Such a formal statement obscures the complexity of the 
real work of thought. It suggests that the letters sym- 
bolise elements which are so independent of each other 
that one can be added or removed without changing the 
other ; so that whatever we do with B or C leaves A free to 
work, and to work always in the same way and with the 
same measurable result. But in reality B or C may change 
the operation of A in any way and to any degree including 
complete neutralisation; as for example increase of pres- 
sure (5) may within limits prevent the expansion of water 
under heat (A)- Nature does not consist of elements thus 
separable, but of constituents each of which enters into 
every p^pcess in a way determined by the total nature of 
that process. 

Further, the symbolic statement suggests that the pre- 
liminary work of connecting conditions and result in 
thought has already been done. They assume that we 
know that it is in >1fl we are to look for the conditions of 
and in xy for the consequences of AB. Karely, indeed, 
is this the case in actual scientific enquiry. That selection 
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is the first work to be done and is liable to error. To 
make an exhaustive enuraemtion of conditions would be 
impossible. As lias just l)een said, the * conditions ’ are not 
independent things but constituents of one process. We 
give them a kind of spurious and artificial separate exist- 
ence according to our own convenience. Largely at first 
we think thus sepamtely constituents which have i*e- 
ceived separate nanu‘3. But this takes us but a little way. 
Soon it is found that these obvious distinctions due to 
more or loss superQcial observation are insufficient, and 
others have to l)e made. But always the independent 
existence of what we symbolise by our letters is solely 
constituted by our own thought. 

From the whole mass of existence we select a little piece 
for examination, and in so selecting we isolate it in thouglit 
from the whole of which it is, and must always remain, 
really a part. In changing it we of necessity change the 
whole. Whether, then, what we attend to is what we 
ought to attend to for the purpose in hand is not a matter 
that can be decided in the easy way the symbolic formula 
suggests. The knowledge, insight, and tact of the em purer • 
are needed in their fullest power, and even so mistakes are 
frequent. It may easily happen that relevant conditions 
are ignored. Often it is only in the actual course of an 
enquiry that it is recognised that some condition is really 
operative. Of course it existed at the beginning, but it 
was not thought worthy of consideration. So it is seldpni 
indeed that a hypothesis emerges from an enquiry in* the 
form in which ^ entered that enquiry. As the work pro- 
ceeds the conditions really operative are more and more 
recognised, and the part they play more and more clearly 
apprehended. It is only gradually that we reach anything 
like the simple connexion A followed by x, and when we do 
A and x have always ceased to be the coarsely apprehended 
* things ’ and ' events * which lie open to perception by tjhe 
senses. So it is thsrt these methods of enquiry which deal 
with just such perceptible sequences can never do more 
than make a causal connexion extremely probable. They 
can never &y bar^ its essence. 

From this it follows, too, that they speak of * cause ’ and 
I. L. .24 
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‘effect’ — especially the latter — in a way intermediate 
between the rigid scientific conception and the loose use of 
popular speech. Mill granted that their results could not 
escape from the possibility that an event might be produced 
by various alternative ‘ causes.’ 

Such a doctrine of “plurality of causes” if applied to 
the ultimate nature of things makes knowledge impossible; 
for it reduces to chaos any system which thought attempts 
to establish. But while w^e deal only with events and 
changes open to perception we cannot get to that inner 
bond of union whicli is only appreciable by thought. On 
the level of these direct methods, then, it must be granted 
that we are very unlikely to establish undeniably the 
reciprocal relation we seek. 

It is well to grasp these limitations of the methods, 
l)ecauso tlie formal certainty suggested by their symbolic 
expression may otherwise lead us to regard as conclusively 
proved that which has only a presumption of greater or 
Jess stnmgtli in its favour. For the ordinary pui-poses of 
life such presumption is often enough, but it never satisfies 
, the demand for theoretical certainty. 

We wdll now examine the methods in detail, but it is 
well to point out that the examples by which we illustrate 
each of them are bound to wear an air of artificiality, since 
in no case are they more than fragments torn from their 
true context in real investigations, and in some cases they 
have no importance beyond their illustrative value. In 
the next chapter an endeavour will be made to give speci- 
mens of actual scientific work directed to the di8Covei7 of 
truth, and it will then be seen that the methods are used 
to supplement one another in one and the same enquiry in 
a way which their separation for the purposes of exposition 
tends to obscure. 

(i) Method of Agreement. — When we attempt to 
mii^ enumeration more precise the obvious course to 
pursue is to seek the observed sequence in as varying 
Burroundiugs as possible. The logical genemlisation* of 
this is known as the Method of AgreemenL If oifly the 
sequence — x is found constant while the cibneomitant 
droi^atanoes change in many ways the probability that 
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the relation of ^ to jr is causal is enhanced by its per- 
sistency. Eepeating the general formula already given ; 

A B followed by x y, 

AC }» X z I 

the greater the divergence in the mass of concomitant 
circumstances summed up symbolically in B, C, y, z, the 
greater the probability that A necessitates x. For example, 
“A person might suppose that the peculiar colours of 
mother-of-pearl were due to the chemical qualities of the 
substance. Much trouble might have been spent in fol- 
lowing out that notion by comparing the chemical qualities 
of various iridescent substances. But BrewsU^r acci- 
dentally took an impression from a piece of mother-of- 
pearl in a cement of resin and bees’-wax, and finding the 
colours repeated upon the surface of the wax, he proceeded 
to take other impressions in balsam, fusible metal, lead, 
gum-arabic, isinglass, etc., and always found the iridescent 
colours the same. He thus proved that the chemical 
nature of the substance is a matter of indifference and 
that the form of tlie surface is the real condition of such 
colours,” ‘ 

The method of agreement resembles simple enumeration 
in its reliance on number of instances, but it differs from 
it in the stress laid on variety in the accompanying cir- 
cumstances. As far as possible the examples taken should 
be typical, and a mere repetition of instances of the same 
kind is avoided. Speaking of chlorophyll, the green 
colouring matter in plants, Hobhouse says, “ All butter- 
cups are plants, and all buttercups contain chlorophyll ; 
but 1 might examine a million buttercups, and on the 
question whether all plants contain chlorophyll, 1 should 
reii)i|ifin precisely where I was when I had examined half-a- 
doz&x. Butr if I examine a buttercup leaf, a blade of 
grass, a fem> a moss, a volvox, and a protococcus, my jnx 
observations will give me a very fair right to generalise. 
Hortxi| 41 y» contain chlorophyll.” ^ 

^ Jevons, The Principles of Science, p. 419. 

* Theory qf Knowledge, p. 368. 
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The strength of the generalisation depends on the 
agreement in one particular amid very wide divergencies 
in other respects. To be formally cogent the method 
demands that there should be agreement in only one 
particular, and of that we can never be sure. The un- 
certainty may he lessened by the knowledge that some 
circumstances which have not been excluded are irrele- 
vant from the point of view of the enquiry which is being 
undertaken. Moreover, certainty can only be assured if 
the instances taken are exhaustively representative. This, 
again, is a demand which in practice cannot be absolutely 
fulfilled. 

As a matter of fact there are exceptions to the rule that 
plants contain chlorophyll, though probably the majority 
do. However, if the differences in the instances are very 
marked, a few examples are sufficient to suggest a con- 
nexion. Darwin observes in the Voyage of the Beadle: 
** There is one vegetable production deserving notice from 
its importance as an article of food to the Fuegians. It is 
a globular, bright-yellow fungus, which grows in vast 
nuinljers on the b^di- trees. When young it is elastic 
and turgid with a smooth surface ; but when mature 
it shrinks, becomes tougher, and has its entire surface 
deeply pitted or honeycombed. This fungus belongs to a 
new and curious genus ; 1 found a second species on 
another species of beech in Chile ; and Dr. Hooker informs 
me, that just lately a third species has been discovered on 
a third species of beeches in Van Dieman’s Land. How 
singular is this relationship between parasitical fungi and 
the trees on which they grow in distant parts of the 
world.** ‘ The expression of surprise is prompted by the 
thought that there is probably some reason for the growth 
of the fungus on one class of tree, but Darwin is far too 
cautious to state the connexion more than tentatively. All 
that the method of agreement can do to confirm a sug- 
gested relation is by varying the circumstances to midie 
less and less probable the irrelevance of any el^pent which 
remains. When so much else is changing we dm in most 


^ The Voif€tge qf the Beagk, Ch. XI. 
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eas^ suggest no sufficient reason for the continued pres- 
ence of the element except that it is causally connected 
with the phenomenon^ 

There are other reasons why the method of agreement 
does no more than strengthen a hypothesis of causal con- 
nexion. It is mainly a method of observation, and is 
most appropriate in those cases where the phenomenon is 
not amenable to manipulation, but ot^curs in nature in a 
variety of forms. Occasionally the variety may be partly 
produced by experiment. None the less, analysis cannot 
pn this method be pushed very far. We may find, for ex- 
ample, that many bodies agree in the one fact that they 
are transparent to light. But obviously this is merely a ^ 
suggestion for enquiry : it does not explain in any way the 
connexion. And if an examination be conducted into the 
relation of light- vibration and the molecular structure of 
these transparent l)odies, the iudii*ect inethod must be 
resorted to. So the probable connexion between the 
iridescent colours of mother-of-pearl and the forin of the 
markings in each substance is an indication that the ex- 
planation probably depends on some relation of the light 
to this special form, but no direct method is adequate to 
determine what that relation is. 

Moreover, the method of agreement is peculiarly liable 
to be vitiated by that “ plumlity of causes” which no 
direct method can altogether escape. To revert to our 
symbolism, ; AC...xz; AD . xt: A£...xs.- (itc. No 
doubt with each elimination the probability that x » due 
to anything present in the instances except A is decreased. 
But it must be remembered that 5, C, 0, etc , symbolise 
the whole mass of possibly relevant concomitants and not 
merely such isolated elements as we attempt to secure 
under A . Further, that all the constituents of a phenome- 
non are so inter-related that it is quite conceivable that if 
we eould really isolate A we should find it inadequate to 
secure jr. Industry may be essential to success in life, but 
if we could conceive a person who had none of the auxiliary 
quality of intelligence and no favourable circumstances of 
life, we should not expect him to be successful. We never 
get a real isolation of the working of A , and it may well be 
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that by itself it is pot^erless ; that is, that our isolatidn of 
>1 in thought as the cause of x has been only pattialiy 
correct. So that ivhile the method of agreement gives a 
presumption in favour of a bond of causality betweop 
and X it does little to support a hypothesis that in ^ we 
have the full and sufficient cause of jt. 

The method is powerless, too, to discriminate between a 
causal connexion and a case of co-existence. Thus we may 
have at the end of our elimination the apparent sequence 
A — X, but X may be a permanent fact in nature which 
remains as a residuum l)ecause of its permanency. The 
true test would be matle if A were introduced : the con- 
sequent appearance of x would disprove the suggestion 
that X is permanent. “ Wherever there is sea we find sky : 
but we do not make sea the cause of sky, because we do 
not find the sky coining into btnng when or whei'e the sea 
appears.”* The fact that wherever animals are ruminants 
they are cloven-hoofed does not make ruminancy a cause 
of cloven feet Both may be directly connected with some 
further condition, or the connexion may be so remote, as in 
the case of sea and sky, as to be considered purely casual. 
An example already given as an illustration of a non-causal 
sequence is also in point here. However different the 
nights we experience may be in other respects they all 
agree in being preceded by day. Here day and night are 
joint effects of a cause not open to sense-perception : and 
theoretically there is always the chance that this may be 
the case in any conjunction of elements arrived at by the 
method of agreement. 

Enough has been said to show that the method of 
agreement cannot give certainty. There is no need to 
exaggerate its defects. It is frequently sufficiently cogent 
for practical purposes ; and sometimes it is the only 
method of investigation which the nature of the material 
luider consideration allows Its main function, however, 
is to suggest hypotheses which require further examination. 
When Pasteur found in a large number of diseased silk- 
worms placed in turn beneath the microscope in various 

• 

* Hobhouse, Theory of Knowledget p. 387. 
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sto^s of growth that certain corpuficlea were always pre- 
sent; the connexion between the corpuscles and the disease 
w^a ^lypothesis worthy of closer examination : when in 
HttWy, healthy worms no trace of corpuscles coiihl l>e found 
the nypothesris was greatly strengthened. 

(ii) Method of Exclusions.— If, then, mere positive 
agreement in the presence ot x with A is so inadequate as 
a means of theoretical proof we naturally turn next to 
seek negative confirmation by examining instances of the 
absence of A to see if they are all marked also by the * 
absence of x. This gives rise to the Method of Exelvnlons 
or Joint Method of Agreement and Differenre, as Mill 
named it. 

Evidently our negative instances should resemble the 
positive ones as nearly as possible in every particular 
except the absence of A. They must, therefore, be the 
same kind of facts. It would not do to take any exain]>lo 
of the absence of the phenomenon. Indeed, if the cases 
in which it occurs jK)Ssess besides the su j)po8e<l cause A , a 
numl)er of other ehiiuents, say B, C, D, f , f , G, the negative 
instances, to be at all conclusive, should contain among 
them all these other ciroum stances, and thus show that, 
each of them can be present when the phenomenon is 
absent. This is in practice too stringent a requirement : 
but the methoil adds little to the probability iinl(*ss the 
resemblances btdween the two sets of phenomena are so 
marked that they are recognised as instants f)f the same 
type. The only important difference should bo tl^e pre- 
sence in one case, and the absence in the other of the 
suggested cause and effect. 

The force of the argument depea<l8 on the degree of 
probability with which we are assured that all the relevant 
conditions are under consideration. The method does not 
Inquire pi'epared instances: it takes such as are open to 
observation. We search for examples as nearly alike as 
possible except for the one important difference of presence 
and absence of ^ — x, but it is rarely that nature presents 
instances which do not exhibit other differences as well, or 
which aflow in their totality of a complete elimination of 
3ucb differeiices. The only way to minimis this objection 
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is to make both positive and negative instances as varied 
and numerous as the given investigation seems to demand. 
Them the probability that an adequate exclusion has been 
effected will be considerably increased. 

The consideration of negative instances makes the liabi- 
lity to error thi ough the existence of ** plurality of causes ” 
practically negligible. If we take a number of cases of 
agreement, e.y. A BC — pqr, A DE — pat^ we have to allow 
that Bt Ct Di or E may be the cause of p, but when we find 
that these elements can be present when tlie phenomenon 
does not occur, there is no motive for entertaining them 
as possible alternative causes unless we have reason to 
believe that any one of them is countonicted in its tendency 
‘to produce the result by an element with a tendency of 
opposite quality. If we were sure that each relevant 
circumstance had lieen included in the negat ive instances 
the argument from plurality of causes would have no 
weight in the absence of such a suggested counteraction. 

The method is frequently used in common life and in 
social investigations. Suppose a man to suffer frdm sleep- 
lessness and to seek its cause. Tlie range within which 
the search must bo made is wide, and the possible causes 
somewhat indefinite in character. Ho will proceed to 
compare carefully the circumstances preceding his sleepless 
nights with those preceding nights of satisfactory rest. 
He may find that among such conditions as late hours, 
prolonged study, varied drink and diet, worry and so 
forth, followed by sleeplessness, all may be present in 
cases of normal slumber except say the nightly cup of 
strong coffee. The lattor then is suggest^ as the re> 
calcitrant habit which must he broken if insomnia is to 
be cured. 

The application of the method is here, as in most of 
the enquiries of ordinary life, of a loose descriptioBu 
For example, there are many factors of temperament^ 
constitution, and general habits of life, which are in- 
capable of elimination. An investigation into the effect 
of half-time employment on physical development avails 
itself of the same procedure. ’ Height and weight are 
taken as trustworthy indications of physical jconditio^ 
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Statistics are compiled in relation to c]iildi*en of the same 
ayerage age and general home surroundings (1) in half- 
time attendance, (2) in full atteiuliince at school. In the 
first cases a physical deterioration is present which in the 
second series — that is, the lu^gative instances — ^is absent. 
Here half-time attendance is a compendious description of 
a group of elements such as heavy physical strain, dust- 
laden atmosphere during toil, noise of machinery, excessive 
heat, whose separat^^ eitc^cts in the whole loosely termed 
physical deterioration can be recognised, if not pi^ecisely 
determined, by a continued application of the same method. 

An example from a scientific investigation is worked out 
in the next chapter. Darwin determined that the forma<» 
tion of vegetable mould was the result of the action of 
earthworms by an examination of positive and negative 
instances. Where the vegetable mould was formed earth- 
worms were active : where it was not formed the earth- 
worms were absent from the soil.^ 

The iiso^ of the negative instance enables us to set aside 
definitely all the elemeiik which are present in the absence 
of the phenomenon. It thus limits the field of possible 
causes, and if made precise enough, would indicate by a 
complete exclusion the true cause. 

(iii) Method of Difference. — The desire to secure two 
instances differing only in the presence in the one, and the 
absence in the other, of the suspected anise naturally leads 
to experiment. Nature does not present us with such in- 
stances. But in experiment we can sometimes introduce 
our >1 into a set of conditions from which it was absent. 
Wo can, for example, put some ground coffee into boiling 
wateir, and we are justified in attributing the cliange in 
colour, odour, taste, and effect as a beverage, to that in- 
fusion. Such an instance brings out an important point, 
which we have already considered under causation, that 
it is not the coffee by itself — i.e, as a separate element — 
but only in its union with the boiling water which produces 
the result.® So when into a set of conditions B which have 
as a result y we introduce A, and find y becomes x y^ 

, See pp. 400-401 


* See p. 294. 
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we can only say that the introduction of A caused the 
change, not that A by itself would ever give x. 

To make one change at a time and to watch the result 
is the object of the Method of Difference, which is essen- 
tially the Method of Experiment. How complex or how 
simple is the change made depends upon the minuteness 
of our mental analysis of the phenomenon in question and 
upon our power to isolate in reality elements we have 
afready segregated in thought. Obviously the more simple 
it is the nearer we approach to the certainty that the hypo- 
thesis of causal connexion between A and x is justified. 

Formally the method may equally well start with A B — 
X y and proceed by removing A in the hopes that x will then 
disappear, or with B — y and proceed to odd A in the ex- 
pectation of securing x. But practically the latter is 
generally the more convenient — it is easier to add coffee 
to hot water than to start with the coffee infusion and 
remove the coffee. 

Examples abound in common life and in science. A 
man attributes a bruised elbow to a fall, a sudden dmught 
to the just opened door, the blotting of a landscape from 
view to an uprolling mist. When a current of electricity 
is passed through a galvanometer the resulting deflection 
of the needle is ascribed to the cuirent; when sodium is 
added to dilute sulphuric acid it is regarded as causing the 
release of hydrogen ; when a lesion is made in the cere- 
brum of a frog there is no hesitation in connecting it with 
any consequent paralysis of movement. 

Now experiment involves the control and manipulation 
of some at least of the elements which are present. Since 
the number of elements is indefinite, and we wish to add 
or subtract one only, we must ask on what grounds one is 
selected «i preference to another. Occasionally the elements 
may be chosen without any definite reason in order to see 
what happens when they are added or taken away. But 
such random experiment is suited rather to complete ignor- 
ance than to any stage of knowledge. Analogy will prob- 
ably indicate what variations are promising, if no more 
definite suggestion is at hand. As a rule, however, the 
investigator by one or other of the methods is in posses- 
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sion of a suggested causal relation which he desires to test. 
There is some definite A wliich is thought to be the cause 
of the phenomenon, and it is his business by introducing 
or withdrawing A to watch for any corresponding change 
in the facts. 

The method, it will be noted, directly investigates the 
effects of a given cause. It works forwards, from cause 
to effect. Kegarded as a mode of discovering the cause of 
a given effect, it is an application of the indirect method. 
We assume the possibility of a given cause as sufficient to 
account for the phenomenon in question. We then try 
to introduce that cause into a suitable set of conditions so 
as to s?e if it fulfils our expectation by securing the change 
wliich we believe it capable of producing. 

The method formally demands the inclusion or exclusion 
from a given set of conditions of one element at a time. 
This is necessary on the ground that if two or more ele- 
ments were involved it would be impossible to tell in what 
way the effect was related to them. It might be due to 
them in any conceivable combination, and the method 
would lose the precision it claims. To obviate this and to 
make the experiment decisive there should be one circum- 
stance added te or withdrawn from known conditions. 

But to lay down this requirement is to demand a much 
greater knowledge and manipulative skill than is usually 
available. It may need many experiments extending over 
a longer or shorter period, it may even need a new dis- 
covery, before the desired single difference is obtained. 
The conditions into which a new element is introduced 
may be imperfectly known, and thus give rise to an 
erroneous inference. It is well known that a current of 
electricity passed through water decomposes that substance 
into its component gases, hydrogen and oxygen. In early 
experiments of this kind it was noticed that an acid and 
an alkali formed at the two opposite poles where the cur- 
rent entered the water. Since the composition of water 
was known it was thought by some that the introduction 
into it of the electric current was the sole cause of the 
productton of the new substances. But unknown to them 
other conditions were present which accounted for the 
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change. It was left to Davy to demonstrate their presence. 
He ** conjectured that there miglit be some hidden cause 
of this portion of the effect: the glass containing the 
water might suffer partial decomposition, or some foreign 
matter might be mingled with the water, and the acid 
- and alkali bo disengaged from it, so that the water would 
have no share in their production. Assuming this, he 
proceeded to try wh(?ther the total removal of the cause 
would destroy the effect, or at least the diminution of it 
cause a corimponding change in the amount of the effect. 
By the substitution of gold vessels for the glass, without 
any change in the effect, ho at once detennined tliat the 
glass was not the cause. Employing distilled water, he 
found a mark<id diminution of the quantity of acid and 
alkali evolve I ; vet there was enough to show that the 
cause, whatevi^r it was, was still in operation. The im- 
purity of the water, then, was not the sole but a concurrent 
cause. He now conceived that the perspiration from the 
hands t/ouching the instruments might affect the case, as 
it would contain common salt, and an acid and an alkali 
would result from its decomposition under the agency of 
electricity. By carefully avoiding such contact, he reduced 
the quantity of the products still further until no more 
than slight traces of them were perceptible. What re- 
mained of the effect might be traceable to impurities of 
the atmosphere decomposed by contact with the electrical 
apparatus. An experiment determined this : the machine 
was put under an exhausted receiver, and when thus 
secured from atmospheric influence, it no longer evolved 
the acid and the alkali.” ‘ Thus by successive experiments 
the passage of the current through the water was seen td 
1)0 tlie sufficient cause of its decomposition into hydrogen 
and oiygvx. 

It is equally easy to be under the impression that only 
one element is being added when in reality more than one 
are introduced. This was well illustrated in the con- 
trdversy between Pouchet and Pasteur as to the existence 
of spontaneous generation. Pouchet submitted that his 

Ik 

* Gore, The Art of Scientific Discovery^ pp. 432433. 
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experiments, conducted with extreme precautions, proTed 
that ^'animals and plants could be generated in a medium 
absolutely free from atmospheric air, and in which, there- 
fore, no germ of organic bodies could have been brought 
by air.”^ All germs in tlie material used were destroyed 
by heat, and chemically prepared oxygen was substituted 
for ordinary air in order to sustain the life generated. 
Pasteur showed that in spite of liis precautions Pouchet 
had deceived himself in thinking that germs from the air 
had been excluded. He then went on to demonstrate by 
ingenious tests of liis own devising that when air was 
purified from germs by being passed through cotton wool 
or asbestos it Avas powerless to generate life in an alterable 
liquid, itself deprived of germs by ebullition ; while the 
same li(]uid abounded in life when exposed to unfiltered 
air. Another experiment in which the germs in the air 
were destroyed by lieat was objected to on the ground that 
the heat might conceivably affect otlier elements in the air 
which it was said might be necessary for the spontaneous 
generation, e.g. * electricity, magnetism, ozone, unknown 
forces even.^ To change one circumstance and one only 
is a matter for great practical sagacity. 

We cannot assume that the introduction of a new olt*« 
ment is the sole cause of any change which may ensue. It 
is always necessary to take account of the conditions on 
which it supervenes. In another context no such change 
might appear, and in such cases the new element is the 
occasion rather than the cause of the result. The lighting 
of a fuse attached to a charge of blasting powder may be 
followed 1 y the shattering of a rock. Although the only 
difference between the elements before and after is the 
lighting of the fuse we do not think of it as the cause of 
the exjplosion. 

Again, collateral but unobserved changes may be set up 
which are the real conditions of the observed effect. This 
is often so in physiology. A certain brain area is stimu- 
lated by pressure, electricity, or some other means, and a 
reactioi^say in the shape of a specific movement follows. 

^ Valleiy-Eadot, Ltfe of PoM^ur^ Eng. Tians., p. 93. 
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That reaction may be due, however, not to the excitement 
of the first area, but to the collateral and unobserved 
excitement of a second area with which the movement is 
directly connected. 

Too great an interval must not elapse between the intro- 
duction of the supposed cause and the noting of the effect. 
P’or in the meantime other elements may creep in which 
may modify or be the true constituents of the cause. 
Quinine hikeii one day may or may not have allayed the 
fever which disapiK^ars a few days later. It is not the mere 
interval but tJie difficulty of maintaining continued control 
of the conditioi.B which gives importance to the element of 
t*me. Where the conditions throughout are not liable to 
outside interference a gi*cat length of time may even be in- 
dispensable. Certain experiments of Sir William Thomson 
ait) of this typt). He placed “ small quantities of blue 
vitriol and otlier coloured soluble substances in the bottom 
of very (/all vertical glass tubes, filled with water and her- 
metically sealed, in order to ascertain the amounts of 
diffusion, etc,, aud other effects after a great length of 
time. ... It is calculated that several hundreds of years 
will be re^juired to complete the diffusive process.” ^ 

It sometimes happens that certain forces are kept in 
equilibrium by the counteraction of their several tendencies 
to produce given effects. A new factor introduced may 
simply liberate these forces so that they may have free 
play. A traiu at rest on a steep incline is set in motion by 
releasing the brakes : but no one would assign such release 
as the true cause of the motion. A closer analysis would 
reveal weight, incline, and comparative absence of friction, 
as elements in producing the acquired momentum, and 
that each is so operative could lx? shown by further appli- 
cations of* the nielhod of difference. 

Ill these various ways the apparent inference to a pure 
causal connexion tlirough tlie method of difference is 
rendered precarious. Its probability is increased, if there 
is other evidence, such as that gathered by tlie method of 
agreement, to suppoi*t it. By varying tlie contexts to which 


* Gore, Art ScieiUi^G DUcovtryt p. 558. 
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a given cause is added it may be possible to determine just 
■what other factors are necessary to the change, and a know- 
ledge of their properties may enable us to decide more 
precisely the contribution to the effect made by the sup- 
posed cause. 

When it is said that one experiment is sufficient to 
establish a causal relation it is implied that only one known 
element is added to, or withdrawn from, a set of conditions 
whose results are known. The difference that ensues can 
then be assigned to the new factor of the introduction or 
withdrawal of the element. But the causal bond is between 
the two changes, not between two ‘ things * or ‘ elements/ 

(iv) Method of Concomitant Variatione. — The 

methods we have considered are lacking in quantitative 
precision, and in some cases cannot be applied. They are 
usefully supplemented by the Method of Concomitant 
Variations, which does not differ essentially from them 
in principle. Instead of an examination of instances in 
which cause and effect are present or absent as a whole, 
casSs are considered in which there is a corresponding 
variation in the elements suspected of l>eing causally con- 
nected. Any kind of variation is not sufficient. The 
argument rests on the assumption that cause and effect are 
equal in energy : increase or decrease in the one muat be 
followed by a proportionate cliange in the other. For direct 
causal connexion then we require a variation in simple 
proportion. Svmbolically 

A 2A SA 


Evidently if >1 is the whole cause of x each additional A 
must be followed by an additional x. If this is secured 
the probability of causation is strong. But stated thus 
abstr^tly no account is taken of the other elements pre- 
sent. It is assumed that' these remain the same, and that 
the sole difference in each ciise is the quantitative change 
in A, The assumption is justified if A can be varied at 
will, so that we may tiy the effect of the introduction or 
withdrawal of successive amounts of A. We are theQ 



'364 flSTABttSfiftrifiNT OF BTrOTHBSBSt. [dH. 30 

adopting a modified form of the method of difference : the 
change in tliis case being purely quantitative and stopping 
short of the complete removal of the suspected cause. 

But experiment is not always possible, and then it is not 
likely that instances exliibiting change in simple proportion 
will be found open to observation. Whether they are, or are 
not, a new difficulty arises. Both cluuiges may be due to a 
third clement which remains undetected, because hidden 
from observation. If the connexion is of the simple type 
that we have considered there may be no reason to suspect 
that it is dependent on unknown conditions. If, however, 
the variation is in any other than simple proportion we 
know tliat we have not the whole cause of the phenomenon 
before us. lii such a case as ^4 — x, 2>4 — 4x, 3/4 — 9x, etc., 
were A the sufficient cause of x we cannot see why the 
addition of >4 should bo followed by a more than propor- 
tionate incnuiso in x. The evidence for some connexion 
between them is strong, and since it is not directly that of 
cause and effect, we are led to assume that they are probably 
joint effects of some unknown cause. It is not necessary 
that the clianges in amount should be measured in the same 
direction. An increase in the cause may be followed by a 
numerical decrease in the effect ; for example, an increase 
in pressure will at a constiint temperature bo followed by a 
diminution in the volume of a gas. But the energy before 
and after remains the same. 

We cannot by the metliod of concomitant variations, any 
more than by the other methods taken singly, determine 
with cerbiinty a causal connexion. This is especially so 
when the variation cannot be exactly measured. Then we 
cannot tell whether the change is or is not fortuitous. In 
combination with other methods we may, however, deter- 
mine th^ nature of the connexion if any exists. To take 
a simple illustration from Darwin. He found that ou 
Keeling Island '*the wells are situated from which jhips 
obtain water. At first sight it appears not a little i*emark- 
able that tlio fresh water should regularly ebb and flow with 
the tides ; and it has even been imagined that sand has 
the power of filtering the salt from the sea-water.^ These 
ebbing wells are common on some of the low islands in the 
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West Indies. The compressed sand or porous ooral rock 
is permeated like a sponge with the salt water ; but the rain 
which falls on the surface must sink to the level of the 
surrounding sea, and must accumulate there, displacing an 
equal bulk of the salt water. As the water in the lower 
part of the great Bponge-like coral mass rises and falls 
with the tides, so will the water near the surface ; and this 
will keep fresh, if the mass be sufficiently compact to 
prevent much mechanical admixture ; but where the land 
consists of great loose blocks of coral with open interstices, 
if a well be dug, the water, as I have seen, is brackish.” ‘ 
Here we see the method of exclusions resorted to in order 
to explain a concomitant variation, which in itself onl/ 
suggested some kind of connexion between wells and tides, 
but in that very suggestion presented the difficulty that the 
water in the former case differed from that in the latter. 
To establish a causal connexion it was essential to account 
for this difference by showing how the salt of the sea- water 
was eliminated.^ 

The method of concomitant variations is of greatest value 
when the variations in amount or intensity can be exactly 
measured. Indeed in this respect it has the advantiige 
over all the methods we have already considered. A rela- 
tion which has been broadly established by the method of 
difference or the method of exclusions is at once rendered 
precise when it is determined as a relation of quantity. 
That heat causes the expansion of metals is a sound enough 
conclusion from the method of difference, but it is ’vague. 
When we know that a certain quantity of heat will produce 
in each case an increase in bulk exactly represented by the 
coefficient of expansion, we not only increase our power of 
effective manipulation in cases where the force is under 
control, but the understanding has a better grasp of the 
facts. Mathematics is the best means that science has at 
its command for attaining precision, and a law of nature 
is held to be most completely determined when it can be 
mathematically express^. 

* The Woyage of the Btwjley Ch. XX. 

^ The complete logical analysis is left as an exercise to the 
student. 
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Tho corresponding changes in quantity between two 
elements which are supposed to be directly or indirectly 
in causal relation to each other may be graphically repre- 
sented by ineaiis of a curve. A horizontal line is drawn 
from a fixed point, and a series of points at equal distances 
from one another are taken to represent equal amounts of 
the one elemcuit, while on a vertical line diuwn from the 
same fixed point are marked off in a similar way equal 
8pa<;es to represent equal amounts of the other element. 
From each point on the horizontal line vertical lines are 
drawn to meet horizont^il lines drawn from each of the 
corresponding points on the original vertical line. The 
ihtersection of each pair of lines gives a series of points 
which when joined give the curve representing tho 
relation. Tliis curve shows at a glance the degree of the 
variation and whether it takes place in a regular manner. 
The newspaper weather charts represent in this manner 
the variation in the height of the barometer from day to 
day. Hero, of course, there is no direct causal relation. 
Economists often use the same device. For example, it is 
usual to draw a curve representing the influence of 
successive doses of capital on the return got from land 
under cultivation. The horizontal divisions, or abscissae, 
represent the capital : the vertical divisions, or ordinates, 
the yitdd in crops, Tho curve within certain limits is 
regular in form, and in the direction of a more than pro- 
portionate increase in the return. One might be tempted 
to t*xpict that since the general direction of the curve 
indicates an iiKTease it might be indefinitely continued, 
and so tho conclusion be drawn that every increase in the 
amount of capital will be followed by a more than pro- 
portionate return. But when the increase goes beyond a 
certain point it is found that the yield diminishes in 
value, and the curve consequently undergoes a change in 
direction. 

What the curve represents to the eye as a break in the 
continuity of the relation is merely a graphic representa- 
tion of the truth that a variation which holds go^ within 
a definite range of experience may not hold when the range 
i$ extended. If then we extend the ran^ of such variation 
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simply as an inference without testing its truth by an 
appeal to fact we may be exposed to contradiction. ‘‘Water 
contracts as it is cooling. Suppose we begin to note this 
continued contracting of water from lOO'^F. to 90‘’; we 
naturally expect to find it continuing through 90^* to 80^. 
And as we obseiwe, we find our expectations confirmed. 
And so on througli to 40°, we find tliat water continues to 
contract. It is, therefore, most natural for us to expect to 
find water contiucting at 39°. Itut just at this point jA 
the series, there is a break in the contiiuiity of variation ; 
at 39° water begins to expand and so continues until it 
passes into the solhl form at the freezing-point .” ' We must, 
then, be cautious in making or accepting such infeienceJ. 
The only safeguard is to submit them to ex|MU-imental tests 
over a wide range of instances until the critical points at 
which the law is modified, if such exist, are discoveitid. 

The complete exclusion of a cause recjuired by the method 
of difference is not always practicable even where the 
cause allows to some extent of experimental control. There 
ai^e permanent elements in nature such as the force of 
gravitation, heat, friction, of which we caimot get rid. But 
though we cannot remove them we may by various devices 
make their action greater or less in amount, and notc^ 
the changes which ensue. In this way we can learn much 
of their natui'e, and often formulate the law of their 
action even though we only find it exemplified as a ten- 
dency which is always to some degree counterac^ted. 
This is a most useful application of the method of Con- 
comitant Variations. Mill instancies the first law of 
motion — that all bodies in motion continue to move in a 
straight line with tmiform velocity until acted on by some 
new force. No example of perpetual motion occmrs in 
nature ; but various obstacles to it such as friction and 
retardation of the atmosphere may account for this. If 
that be BO a diminution in the resistance due to them should 
be followed by an increase in the time during which a 
given velocity is maintained. Experiments showed that 
this was^the case. “ The simple oscillation of a weight 


^ Hibben, IvdwAiw Logk^ pp. 142-143, 
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suspended from U fixed point, and moved a little out of tlm 
perpendicular, which in ordinary circumstances lasts but a 
few minutes, was prolonged in Borda’s experiments to 
more than thirty hours, by diminishing as much as possible 
the friction at the point of suspension, and by making the 
body oscillate in a space exhausted as nearly as possible of 
its air. There could, therefore, be no hesitation in assign- 
ing the whole of the retardation of motion to tlie influence 
of the obatneles ; and sincjcs after subducting this retarda- 
tion from the total plienomenon, the remainder was an 
uniform velocity, the result was the proposition known as 
the first Law of Motion.’*' 

•• Perhaps the most imjM)rtant examples of variations due 
to a common but unobserved cause are tliose which occur 
in fixed perio<ls. The movements of the tides which change 
regularly in character according to tlie position in the 
heavens of the sun and moon are an often quoted example. 
Another remarkable periodic coincidence is that between 
the occurrence of the Aurora Borealis, magnetic storms 
and changes in the spots on the sun. In the middle of the 
nineteenth century it was established that once in about 
ten years magnetic disturbances reach a maximum of 
violence and frequency, and that at about the same interval 
the activity of the sun spots is at its greatest. Further, it 
was discovered that the Aurora Borealis is associated with 
a disturbed condition of the sun. “ Subse<iueut detailed 
observation has exhibited the curve of auroral frequency 
as following with such fidelity the jagged lines figuring to 
the eye the fluctuations of solar and magnetic activity as 
to leave no imsonable doubt that all three rise and sink 
together under the influence of a common cause.”* What 
tliat cause is has not yet been discovered. 

(v) MiDthod of Residues. — We have considered the 
prec^ng methods in the simplest form by assuming that 
each investigation attempts to establish one causal con- 
nexion in a series of complex phenomena. Of course, the 

* Mill, System of Logic^ Bk, III,, Ch. viii., § 7. c- 

* Gierke, History of Agronomy durhig the XlXtk Century, p. 161, 

of. pp. 156-161, 9 If , 
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advance of knowledge demands tliat such investigations 
should be made again and again with the same kind of 
sequence, in each ease considering a fresh set of relations. 
At first the residing denoted by fl — y in our general formula 
^ fl . . . . jr / is a great complex as yet unanalysed. But as 
enquiry goes on this is more and more known and we are 
able to describe the sequence as 

A C D E , . . . Z xopq • • • • m 

where 

A-x, C-0, D-p. E — q.... 

are all know'ii connexions, so that the remainder, Z — ntt 
is itself of a very simple nature. There is then a strong 
presumption that Z ~ /w is a causal connexion. This® is 
known as the Method of Residues^ and it is evident that it 
is only applicable to matter which has already been the 
subject of much investigation. 

Now cither Z can lie withdrawn, in which case the hypo- 
thesis of its relation to m can be tested by the method of 
Difference ; or it can lie varied in amount, when the method 
of Concomitant Variations is available ; or parallel instances 
can l>e found of ite presence and absence, when the method 
of Exclusions comes into play ; or none of these are 
possible, in which case it is necessary tc resort to the 
indirect method of deducing the various forms in which 
the consequences of Z would appear in different sets of 
co-operative circumstances, and seeking verification by 
comparison of these expectations with actual facts. 

Obviously, the mere fact that Z — /w remains uueftiplained 
is only a negative kind of presumption that they are 
causally connected, and before it can bti accepted as 
established it must have positive confirmation. Certainly 
the more the whole phenomena have been analysed the 
greater presumption of truth tliis hypothesis has at the 
beginning — the simpler is the positive demonstration 
needed. 

In other cases the hypothesis may start, as it were, much 
further bi^k. Only one side of the residual sequence is 
knowm to exist: the other is supposed as a hypothesis. 
Such supposition, if it can be made at all, cannot be made 
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with much likelihood of success except by a mind well 
stored with pertinent knowledge, which in framing it ap- 
plies at once the indirect method of seeking for a relation 
which on known laws would yield this unexplained result. 
Put symbolically there is known 

ACD E , . . . X opq . . . . m- 

The whole oi A C D E . . - known is required to account 

for X op q Nothing in the known conditions remains 

as an explanation for the m which has just been discovered 
to exist in the result. There is evidently a call for 
enquiry. There must be assumed some Z which on the 
analogy of all pertinent knowledge will account for just 
this m in just this form. 

The history of astronomy offers many pertinent ex- 
amples. Before it was observed through the telescope 
the planet Neptune was assumed as a hypothesis to account 
for deviations of the planet Uranus from the path which 
exact calculation of the effects of the known heavenly 
bodies laid down for it. The mathematical nature of the 
deductions involved from this assumption made it possible 
to be sure that if such a new planet was in existence it 
would 1)6 in a certain place in the heavens at a certain 
time. The verification was then only dependent on the 
telescopes used being of sufficient power. Had the planet 
not been found increased power of lens would have been 
sought before the hypothesis was given up. On all known 
analogy the existence of the new planet was the only way 
of explaining the residual phenomena consistently with the 
theory of gravitation, so the hypothesis had an extremely 
high prolmbility. Yet astronomy could not be ratisfied 
without positive verification. 

As another example we will take Bdmer's determination 
of the velocity of light from observations of the satellites 
of Jupiter. These are five in number, and their motions 
are of such a nature that each satellite, once in every 
I'evolution, enters the shadow-cone thrown by Jupiter, and 
so becomes eclipsed. The time when any particular satel- 
lite should be eclipsed could be calculate exactfy, but 
tihere was found to be a discrepancy between this calcu- 
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lated time and the observed time. Here was a residual 
phenomenon which needed investigation. Now the period 
of revolution for each satellite is comparatively short, and 
consequently the ecdipses are fmiuent. In each case the 
eclipse is calculated to take place at regular intervals so 
that the time between two ecli])ses remains the same. But 
“ astronomical observations of Jupi tier’s satellites show that 
while the earth in its orbital motion is receding from 
Jupiter the mean period between two successive eclipses of 
a particular satellite is longer than that which elapses when 
the earth in its orbital motion is approaching Jupiter.”' 
The hypothesis was, therefore, advanced that tlie discre- 
pancy l)etween calculation and observation was duo to the 
velocity of light. Thus ‘‘when the earth is reccjding from 
Jupiter the light from a disappearing satellite has to travel 
a greater distance at each successive disappearance.”** The 
interval, tlierefore, appears to lengthen. On this supposi- 
tion Edmer obtained the first trustworthy value for the 
velocity of light. 

The residual phenomenon is usually of small dimensions. 
It was a small discrepan<iy in weight which led to the dis- 
covery of argon. So in the example already quoted of the 
irregularities of the motion of Uranus, ” It may l>e stated 
as illustrative of the pcarfection to which astronomy ha(» 
been brought that divergencies regarded as menacing the 
very foundation of its theories never entered the range 
of unaided vision. In other words, if the theoretical and 
the real Uranus had been placed side by side in the 
sky, they would have seemed to the sharpest eye to form 
a single body.”® 

* 

3. Indirect Establishment of Hypotheses. — The 

work of each of the direct methods singly, and of all of 
them combined, is then to suggest hypotlieses and to 
strengthen those already suggested and, it may be, te 
mould their form. But as these methods deal only with 
phenomena open to observation and manipulation they can 

* Edaer, Light for SiitdeiUs, p. 219 * Ibid,, pp. 219-220. 

® Clerke, op. cit., i>. 96. 
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never directly n^ach those hidden connexions which physical 
scieiK^e more and more seeks. They cannot deal directly 
with atoms or ether, or any natural force. They describe 
the visil)le results of a causal connexion, they even go far 
to establish its existence, but they cannot explain its 
nature. Even when most successful, therefore, they only 
give a very strong probability to an empirical law — that 
is, a stabmieiit that such and such conditions do secure 
such and such a phenomenon. 

Such results stand apart in a kind of fictitious inde- 
pendence till they are shown to be expressions of a much 
smaller number of more fundamental relations. “ Fric- 
tion, combustion, the liquefaction of a vapour, freezing, 
pressure, all produce heat. What could be more apparently 
disparate than these agencies? Yet all of them alike in- 
volve i\w liheration of molecular motion in accordance with 
mecliJinical laws common to all the cases.** ‘ The direct 
methods can establish that heat does result from each of 
these agencies. To show them all as variants of a deeper 
law of molecular motion can only be done indirectly. For 
molecular motion does not lie open to dii*ect observation. 
The whole of the ultimate construction of the physical 
world is for science a set of relations which cannot l>e per- 
ceived by the senses, and which are held to be established 
because the results which can l)e shown with mathematical 
cortainty to follow from them in various combinations are 
found fulfilled in nature. This unifying of the empirical 
laws as a necessary consequence of a very small number of 
theories as to the ultimate nature of the world is the only 
form of explanation science can reach. Why that ultimate 
nature is what it is science cannot say. Its tasik is to 
know that nature, and there can he no other proof that it 
has attained that knowledge than that its asaumptions 
yield a s^^tera consistent both with itself and with the 
results of continued careful and accurate observation. 

The direct methods, therefore, lead up to the formation 
of these wider hypotheses which can only be tested in- 
directly, and they are the handmaids of this testing. 


Hobhouse, qp. ciY., p. 366. 
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In other cases only indirect enquiry is possible. This is 
so in all cases in which the facts cannot be got at directly, 
but in which our reasoning has to start from some record 
of them. 

The causes of historical and social phenomena are largely 
hidden, and can only be I'ecovered by a hypothetical re- 
construction. Geology and Biology are also in a broad 
sense historical. No record remains of the causal sequences 
by which tlie earth has reached its present state, and living 
species of plants and animals their present characteristics. 
The lii story of development in either sphere is recon- 
structed by framing hypotheses in the light of analogies 
drawn from experience, and by testing whether the con- 
sequences they entail would result in the facts which ^ 
prior and subsequent enquiry make known. For a small 
range of fact is sufficient to suggest a supposition which, 
through the inferences it logically supports, l)ecome8 the 
revealer of facts which otherwise had remained unob- 
served. 

The Wave-Theory of Light^ and the Theory of Gravita- 
tion both show the use of the indirect method in establish- 
ing the most comprehensive truths of science. The story 
of Newton’s development of the tljeory of gravitation is 
well known. Observation of the motion of falling bodies 
by Galileo had led to the empirical law that bodies, irre- 
spective of size or material, fall through the same distances 
in equal times. Newton by experiments with the pendu- 
lum established the same law with greater exactness. 
Moreover Piepler, improving on the earlier labours of 
Tycho Btkhe. had by incessant observation of the heavens, 
and muclT conjecture reached the conclusion that the 
motion of the planets can be descril>ed in three laws 
— that each planet revolves round tlie sun in an ellipti- 
cal path with the sun in one of the foci ; that it revolves 
with such a velocity that a straight line drawn from it to 
the sun passes over equal areas in equal times ; and that 
the squares of the number of days taken by the planets to 
complete a revolution are proportional to the cubes of their 


8ee pp. 4'24'430. 
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mean distances from the sun. But so far no reason had 
been given why the empirical laws of falling bodies and of 
planetary motion should be as they had Imn determined. 
Newton supplied a reason by his hypothesis that they 
were due to the attraction of bodies by one another 
directly in proportion to their mass and inversely as the 
square of the distance between them. Taking the moon 
as his first example he showed by mathematical reasoning 
that if the hy{>othe8is were true its motion would be in 
a certain path. After some years this was confirmed by 
observation. He then extended his reasoning to the case 
of other planets, and ultimately to all particles of matter. 
His deductions were verified by an examination of the actual 
motion of the planets, and in astronomy his principles 
have l>eeu verified many times by subsequent observations 
and discoveries. 

As an example in Geology we may indicate the kind of 
reasoning by which the transport of boulders often of 
gi'eat size has been attributed to glacial action. The exist- 
ence of these rocks in valleys and on hills of a different 
geological structure from that of the rocks themselves 
gives rise to th(i problem as to how they have arrived at 
their present position. For instance, “ sucli * erratics ^ not 
only al)ound in the Swiss valleys, but cross the great plain 
of Switzerland, and appear in numbers high upon the 
flanks of the Jura. Since the latter mountains consist 
chiefly of limestone, and the blocks are of various crystal- 
line rocks belonging to the higher parts of the Alps, the 
proof of transport is irrefragable.”' But how h^ the 
transport been effected? There is no visible agency at 
work with which the movement of the rocks Is obviously 
connected. Recourse must be had to hypothesis. Various 
agencies liave been suggested, but it is now generally 
accepted that they have bwn transpoi tod to their present 
position by means of ice. It follows at once that ice 
(1 ) must be capable of doing the work, and (2) must have 
extended at one time over areas from which in many cases 
it is now remote. 


^ Geikie, Text-Book of Giology, 4th edn., Vol. L, p. 554. 
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Glaciers are the most conspicuous examples of the action 
of ice on land. It is found that though to a casual glance 
they seem to be at rest they are in reality moving. On their 
surface they bear eartli, stones, and rubbish, weathered 
from the cliffs and slopes of the valley down which they 
are descending. The masses of rock are sometimes “ as 
big as a large cottage.” The detritus is liable to slip into 
crevasses, and may descend to the bottom of the ice to be 
moved with it along the rocky floor, so that “whether on the 
ice, in the ice, or under the ice, a vast quantity of detritus 
is continually travelling with a gWder down towards 
lower ground.”^ If tlie action of ice, then, be admitted as 
a cause it would be sufficient to explain the transport of 
rocks as far as the movement of the ice can traced. By 
what signs can we support the hypothesis that masses of 
ice have at one time passed over any given surface ? 

“ Beneath the ice of the Swiss glaciers lies a thin incon- 
stant layer of fine wet mud, sand, and stones, derived partly 
from the descent of materials from the surfacje down the 
crevasses, partly from tlie rocks of the sides and bottom 
of the glaxjier bed. These materials may be seen fixed 
sometimes in the ice itself. Though it may locally ac- 
cumulate, this layer is apt to be I'emoved by the ice or 
by the water that flows under the glacier.** This deposit 
constitutes the so-called boulder clay. If, then, we find 
boulder clay, that will be one indication of glacial action. 
Again, the erosion caused by glaciers is of an easily dis- 
tinguishable kind. It is effected not so much by the con- 
tact and pressure of the ice on the rocks as by means of 
the fine san4> stones, and blocks of rock that fall between 
the ice and the rocks on which it moves, or between the 
ice and the side of the valley in which it lies. “ Under 
the slow, continuous, and enormously erosive power of a 
glacier, the most compact resisting rocks are ground down, 
smoothed, polished, and striated. The striae vaiy from 
such fine lines as may be made by the smallest grains of 
quartz up to deep ruts and grooves.”^ The stones effecting 
^ erosion are polished and marked in the same way, the 
• 

< Ibid., p. 546. 


^ Ibid. 


^ Ibid., p. 550. 
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striae or parallel lines running generally in a longitudinal 
direction. If the hypothesis of ice action be true such 
marks will probably be found on the erratic boulders and 
in their neighbourhood. Wo must search for them and so 
apply the test of fact. 

Various other indications may be present, such as the 
smooth undulating “hummocky bosses of rock” left be- 
hind on the retirement of a glacier or the huge hollows 
worn away whore the rock was softer and which may now 
be filled with water, forming tarns or lakes. The process 
of investigation and reasoning which led to the theory of 
an ice age extended over many years, required many 
workers, and presented many difficulties. We have merely 
given in bare outline illustrations of the type of inference 
involved. 

Evidently tJie conclusions of history can only be reached 
by the indirect method. The phenomena which the his- 
torian seeks to explain are extremely complex. There is no 
clear sequence open to observation, nor is it possible to 
isolate a causal connexion by any of the direct methods. 
The explanation of the state of a nation at any given period 
involves the consideration of its knowledge, morals, in- 
dustry, institutions, race characteristics, geographical con- 
ditions, and numerous other factors each complex in itself. 
And if wo single out one aspect for study and endeavour 
to trace, say, political, religious, or economic progress there 
is the same complexity. The conditions modify one another 
in countless ways, and it is difficult to detennine their relative 
importance. liven a single event often presents a similar 
difficulty of interpretation. The play of human motive and 
of circumstances but imperfectly realised produces effects 
for which it is difficult to find grounds at once adequate 
and ijjdisputable. Indeed, motives can only be conjec- 
tured from words and actions ; the influence of dominant 
interests on men can at best be assigned with some reserve. 
When we add to this the necessary scantiness and imper- 
fection of the data in many instances, and that such facts 
as we have are based on testimony with its many liabilities 
to error, we see that the work of the hisforian^is one both 
of criticism and of construction. 
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Having det*ennined the facts by criticism, he desires to 
weld them together so far as may be in. causal sequence. 
The only procedure open to him is to choose one of the 
known conditions, or it may be one conjectured to be present, 
which on analog}'^ with what is known of human nature in 
similar circumstances is likely to have produced or to have 
helped in producing the given effect. Taking this hypo- 
thetical condition as true he will then seek to establish 
that, in accordance with recognised principles of human 
nature, it would lead to consequences of a certain kind 
under which all the relevant facts may be embraced. At 
the same time he will try to prove that rival suggestions 
involve principles leading to results incompatible with the 
established data. In actual investigation it will he found 
that, as a rule, not one but many conditions contribute to 
produce an event or series of events, and the emphasis to 
be laid on the different factors will vary. 

It may l>e possible to show that thO'different conditions 
flow from one root cause of wider generality. For example, 
let us take the causes of the decline of the American Con- 
federation. As usually given they are as follows: **1. The 
Confederation had no executive or judicial department. 
2. Congress could not raise an army. 3. No power of 
direct or indirect taxation was given to the Confedera- 
tion. 4. Congress had no control over domestic commerce. 

5. Congress could not enforce treaties with other nations. 

6. The Confederation operated on states and not on indi- 
viduals. 7. The Articles of Confederation recognised the 
sovereignty of the state. 8. Voting in Congress was by 
states. 9.* The people owed allegiance to the state only.”* 
The first eight can be shown on examination to be closely 
related to the last, which embodies the fundamental prin- 
ciple that wherever primaiy allegiance is placed there 
sovereignty will reside.”^ 

Sqch principles should be used with caution. It is so 
easy to support them ‘ from the nature of the case ’ with- 
out bringing them to the touchstone of facts. History 
may err reaching out to either of two extremes. It may 

» Ibid., p. 31, 


* Mace, Method in Hiefyiry, p. 30. 
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content itself with a collection of facts, or it may develop 
principles without sufficient regard to the results of experi- 
ence. Even when the facts are carefully considered it 
often happens that they are well explained on one hjrpo- 
thesis without being so exactly determined or so decisive 
as to exclude another. In the last resort there is fre- 
quently a balance of probability, which men of different 
temperaments and training will strike in different ways. 

A similar uncjertainty attaches itself to the use of the 
indirect method in ordinary life. The t^^acher perplexed 
by an epidemic of disorder, or the merchant anxious to 
gauge the stability of his markets, casts about for probable 
c causes which in their combination would produce results 
apparent or to 1)0 predicted. The certainty they reach is 
problematical in theory but sufficient for practical action. 
The circumstances of the case point sufficiently clearly in 
a given direction. 

The circumstantial evidence in our law courts, upon 
which criminals ore often convicted, is of this kind. It 
is to the interest of the criminal to commit his crime 
unobserved : it is the duty of the prosecution to show, 
in the absence of the evidence of eye-witnesses, that 
no one but the prisoner could have committed it. Many 
circumstances may point to guilt: there may be obvious 
motives to the crime, apparent preparations to commit 
it, possession of its fruits, unsatisfactory explanations 
of suspicious appearances, suppression, destruction, or 
fabrication of evidence, failure to account for movements 
at the time the crime was committed in the face of testi- 
mony to presence in the neighbourhood.' Not one of 
these is sufficient in itself to prove guilt; each is suscep- 
tible of an innocent explanation. It is the combination 
and convergence of the separate strands of evidence which 
makes innocence improbable. On the hypothesis that the 
crime has been committed by the accused the facts f alldnto 
their place and form a conclusive whole, though each part 
may be inconclusive in itself. If no other hypothesis can 
be devised which explains the circumstances as well or 


' Cf. Logic for the MiUiony p. 106, 
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better, the prisoner will probably be condemned. “ A man 
is found dead with his throat cut. A knife is found in a 
ditch close by. There are footprints in the mud. X was 
known to be in the neighbourhood on the day ; evidence is 
given that he purchased the knife a week before ; his boots 
fit the footprints. All these facts might Ix) due to a collo- 
cation of separate causes, but all are explicable by a single 
cause, namely, tliat X planned and carried out the murder. 
The single assumption is so much more probable than the 
multiple combination of circumstances that it is likely to 
go hard with X, and his business is to produce some fact 
incompatible with the above explanation. Failing this, 
one or two more such combinations of circumstances, and 
our conviction of the strength of the hypothetical argu- 
ment will be evinced in a very practical manner,’*^ 

^ llobhouse, Tht Theory of Knowledge, p. 422. 



CHAPTER XXXI. 

KXAMPLKH OF INDUCTION. 

Wo will in this chapter examine from a logical stand- 
point some actual pieces of scientific enquiry. It is only 
by careful study and analysis of such examples that one 
appreciates how intensely difficult is the search for know- 
ledge, how in any \)pport unities there are for error, how far 
removed from the simplicity of a formal statement of the 
inetljods employed is the aetual employment of tliose 
methods. A process whose abstract nature can be described 
by the logician in a few minutes may take months or years 
to carry to a successful issue in the actual work of the 
discovery of truth. The successful questioner of nature 
needs infinite patience, infinite resource, as well as great 
imagination and constructive power, a keen critical faculty, 
and a sound well-balanced judgment. 

1. Formation of Vegetable Mould. — As an example 
of a very careful and thorough enquiry conducted nearly 
entirely by simple observation, and yet reaching a very 
liigh degree of probability in its conclusion, we will take 
Darwin’s investigations into the formation of vegetable 
mould. The hypothesis suggested was that this is due to 
the action of earth-worms. 

If this is true, that is, if earth “is brought up by 
worms from bensath the surface, and is afterwards spread 
out more or less completely by the rain and wind,” then 
small object.s left on the surface will gradually become 
buried. Mr. Darwin records many observations to establish 
this proposition. For instance: “ In the spring of 1835, a 
field, which had long existed as poor pasttire, and was so 
swampy that it trembled slightly when stamped on, was 
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thicklj covered with red saad so that the whole surface 
appeared at first bright red. When holes were dug in this 
field after an interval of about two and a half years, the 
sand formed a layer at a depth of i in. beneath the surface*. 
Ill 1842 (that is, seven years after tlie sand had been laid on) 
fresh holes were dng, and now tlie rod sand formed a dis- 
tinct layer, 2 inches lieneaih the surbiee. . . . Immediately 
beneath the layer of red sand, the original substratum of 
black sandy peat extended.” ^ 

But may the character of the land be disregarded, or 
is that an essential element ? This point was settled by 
observing that in cases of land differing widely from that 
on which the first observations were made, whenever 
worms were present the result was th^ same. This, of 
course, was an application of the Method of Agreement. 
To take an unpromising instanc.e ; Darwin records tliati 
“ The chalk form ition extends all round my house in 
Kent; and its surface, from having l)een exXK>sed during 
an immense period to the dissolving action of rain-water, 
is extremely irregular, being abruptly festooned and j)one- 
trated by many deep well-like cavities. During th(5 dis- 
solution of the chalk, the insoluble matter, including a 
vast number of unrolled Hints of all sizers, has been l(3ft 
on the surface, and forms a l>ed of stiff red clay, full of 
flints, and generally from 6 to 14 feet in thickness. Over 
the red clay, wherever the land has long remained as 
pasture, there is a layer a few inches in thickness, of 
dark-coloured vegetable mould.’'* In some instances,* the 
observatiems partook of the nature of experiment, as when 
chalk was Spiead on a pasture “for the sake of (observing 
at some future period to what depth it would become 
buried,” and it was found that after twenty-nine years, 
the chalk was 7 inches below the surface. Even a steeply 
sloping field “ thickly covered with small and large flints,” 
was after thirty years so completely covered that “ a horse 
could gallop over the compact turf from one end of the 
field to the other, and not strike a single stone with bis 


* Darwin, VtgtUjhlt Mould and Earth Worms, pp. 134-1.95. 
* Ibid., pp. 137 139. 


2 (> 


I. L. 



402 EXAMPLES OP INDtfOTION. [cH. 31 

shoes. . . . This was certainly the work of the worms, for 


though castings were not frequent for seveml years, yet 
some were thrown up month after month, and these 
gradually increased in numiMjrs as the pasture improved.”* 
Moreover, “the specific gravity of the objects does not 
affect their rate of sinking, as could be seen by porous 
cinders, burnt marl, chalk and quartz pebbles, having all 
sunk to the same depth within the same time.” 

We have, necessarily, only cited a very few of the 
observations made, but tlie total evidence goes to support 
a connexion between the existence of earth-worms and the 
formation of mould. 

c However, there apparent exceptions — large boulders 

do not sink. All the hollow spaces bt^tween such a boulder 
and the earth will be filled up, and the surface of the 
ground will be raised to a height of several inches all 
round the edge of the stone. But further examination 
shows that the exceptions are only apparent, and really 
prove the rule. “If . . . a boulder is of such huge 
diiiieusioiis, tliat the earth beneath is kept dry, such 
earth will not lie inhabited by worms, and the boulder 
will not sink into the ground.”* In one case in which 
a large* stone **67 inches in length, 39 in breadth, and 
15 in thickness” . . . had only “sunk about two inches 
into the ground ” in thirty-five years, “ on digging a large 
hole t-o a deptli of 18 inches where the stone had lain, only 
two worms and a few burrows were seen, although the soil 
was damp and seemed favourable for worms. There were 
some large colonies of ants beneath the stone, and possibly 
since their establishment the worms had decreased in 
number.”^ 

Thus, the apparent exceptions turn out upon closer 
examination to be negative instances — where there are 
no worms, there is no sinking of objects. A negative 
instance on a larger scale is recorded. “I examined in 
Knole Park a dense forest of lofty beech-trees beneath 
which nothing grew. Here the ground was thickly strewed 

* Ibid,t PI). 143-144. - Ibid., p. 157. ® Ibid,, p. 149. 

^ Ibid,, pp. 152-153. 
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with large naked stones, and worm-castings were almost 
wholly absent. Obscui-e lines and irregularities on the 
surface indicated that the land had Ijeen cultivated some 
centuries ago. It is probable that a thick wood of young 
beech-ti'ees sprung up so cpiickly, that time enough was 
not allowed for worms to cover up the stones with their 
castings, before the site became unfitted for their exist- 
ence.”* Both positive and negative insUinces, then, go 
to support the universal propositions “ If there are worms, 
there is vegetable moul<r’ and “If there is vegetable mould, 
there are worms.” The method applied is mainly that of 
Exclusions, but Concomitaut Variation adds its support. 

But certain objections must be met as to the inadeqiiiicy, 
of the suggested agency to produce the results. Investi- 
gations were, tlierefore, made as to the number of worms 
existing in a measured space. Hensen, from coiiiiting those 
found in a piece of garden, calculated the number at 
53,767 in an acre, though he “ believes that worms are 
here twice as numerous as in cornfields.”® But more 
definit-e results were obtained in estimating tlie weight of 
the castings. The results of four carefully examined cases 
give that in a year castings calculated to yield from seven 
and a half to over eighteen tons per acre are ejected.'^ By 
carefully breaking up the dried castings, and pressing them 
down in a measure, the cubical content was found, and 
allowance being made for the lesser degree of compactness 
of the triturated castings as compared with mould, it was 
calculated that the above mentioned results would yield a 
layer of mould from an inch to an inch and a half in 
tluckness^m ten years. This was found to be rather less 
than the observed depth to wliich objects had sunk in that 
time. But allowance must be made for **the loss which 
the weighed castings had previously undergone through 
being washed by rain, by the adhesion of particles to the 
blades of the surrounding grass, and by their crumbling 
when diy,” and also for the lesser agency of burrowing 
larvae and insects, especially ants, and of moles. ** But,” 
says Darwin, in our county these latter several agencies 


* Ibid., pp. 144-145. ® Ibid., pp. 158-169. “ Cf. ibid., pp. 168-169. 
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appear to be of quite subordinate importance in comparison 
with the action of worms.’** Here we see the force added 
to a probability even by a somewhat rough application of 
measurement and mathematical calculation. 

2. The Silkworm Disease.^ — The investigation into 
the nature and origin of the diserise which in the middle 
of the last century threatened to destroy the silkworm 
industry is an admirable example of actual inductive work, 
and of the value of the trained mind to the general com- 
munity. It brings out clearly how only to such a mind 
does the fruitful liypotliesis occur; it only has the per- 
tinent knowledge without which the true analogy is un- 
seen, The hypothesis once fornuMl the consequences which 
must follow from it arc inferred, and then tested. It is 
in this testing that tlie direct methods are avtiilable. Here 
appeal was mainly to that of Exclusions, though in the 
exj)erimeiits the greater rigidity of the Method of Differ- 
ence was approached. We see, too, how one enquiry grows 
out of another till there is established a system sufficient 
to explain all the phenomena under examination. 

Louis Pasteur was induced to tala', up the enquiry in 
1865. ** Amidst the labyrinth of facts and opinions, it was 
not hypotheses which were wanting. For seventeen years 
they had l)een rising up on all sides ’* — atmospheric con- 
ditions, degeneration of the race of silkworms, disease of 
the mulberry tree, etc., were suggested. But none so far 
had proved fruitful. 

The disease was called pehrine.** It appeared in all 
stages. “ Some worms languished ou the friunes in their 
earliest days, others in the second stage only, some passed 
through the third and fourth moultings, climbed the twig 
and spi^n the cocoon. The chrysalis become a moth, but 
that diseased moth had deformed antennae and withered 
legs, the wings seemed singed. Eggs (technically called 
se^) from those moths were inevitably unsuccessful the 
following year. Thus, in the same nursery, in the course 

t 

* Ibid,j pp. 172-173. ^ Louis Pasteur, by his Son-in-law, pp. 127-163. 

^ From the patois woid pUbri (pepper). 
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of the two months that a larm takes to become a moth, 
the pebrine disease was alternately sudden or insidious : it 
burst out or disappeared, it hid itself within the chrysalis 
and reappeared in the moth or the eggs of a moth which 
had seemed sound.*' ^ This was tlie problem Pasteur had 
to solve. 

In a ineinoir on the epidemic M. do Quati^efages related 
that certain naturalists “ had discovered in the worms and 
moths of the silkworm minute corpuscles visible only with 
the microscope” ; that another declared these corpuscles to 
be present in dise^ised silkworms, and that they had been 
perceived in silkworms* ei^gs. Ho “only mentioned this 
matter of the corpuscles as a passing remark, being doubt- 
ful of its iinportance and ptn-haps of its accuracy.** But* 
it was sufficient to suggest to Pasteur the liypothesis that 
these corpuscles, if existent, were causally connected with the 
disease, and it was this liypothesis which lie decided to test. 

He conducted his investigation at Alais, whore the 
disease wavS rife. By means of the microscope he soon 
detected the presence of corpuscles in the worms. Their 
exist/cuc ? was, then, a bict. 

He resolved to submit them to careful microscopic study. 

“ Two series of worm.s were being cultivated. The first 
set was full grown ; it came from some Japanese seed 
guaranteed as sound, and had produced very fine cocoons. 

. . . The worms of [tliej second series were sickly and did 
not feed properly. And yet these worms, seen through 
the microscope, ouly exceptionally presented corpuscles: 
whilst Piisteur was surprised to find some in almost every 
moth or aJirysalis from the prosperous nursery.” “ 

“Faced by the contradictory facts that one successful 
set of cocoons had produced corpuscled moths, while an 
apparently unsuccessful set of worms showed neither cor- 
puscles nor spots, he had awaited the last period of these 
worms with an impatient curiosity. He saw amongst 
those which had started spinning, some which as yet 
showed no spots and no corpuscles. But corpuscles were 
abundant in the chiysalides, those especially which were 

1 Vallery-Radot, Tht Lift of Pasteur, Eng. Trans., p. 117. 

« jm., p. 118. 



406 


EXAMPLES OP INDUCTION. 


[CH. 31 


in full maturity, on the eve of becoming moths ; and none 
of tlio motlis were free from them.” ^ The remains of 
many other backward cultures were examined, and these 
results were oonfirnied. He tentatively formulated his 
conclusions at this stage. '' It was a mistake,” lie wrote, 
“ to look for the symptom, the corpuscle, exclusively in the 
eggs or worms ; eitlier might carry in themselves the germ 
of the disease, without presenting distinct and micro- 
scopically visible corpuscles. The evil developed itself 
(diiclly in the chrysalides and the moths ; it was there that 
it should chiefly be souglit.”-^ 

So far he liad not proved t hat the corpuscles were the 
cause of the disease. He came to the conclusion that if 
his hypothesis were true “ the only infallible method of 
procuring h(!alfhy eggs must be by having recourse to 
moths fn^e fi\>m corjiuscles.” '* To test this he selected 
cx3rtaiii eggs of moths from which corpuscles were absent, 
and others from moths in which corpuscles were numerous. 
Those were hatched in the following year with the result 
anticipated, that the ciiltim^ in the one case w'as healthy 
and in the other diseased. The ex]>eriment was repeated 
8ubse(ivieutly, and it was found that the pebrino disease 
did not appear in cultures from the eggs of liealthy moths. 
In the meantime the question was raised whether the 
disease was contagious. “Some considered that contagion 
was certain ; the majority, however, either doubted or 
denied its existence ; some considered it os accidental.” * 
Pasteur resorted to experiment. “ One of the fii*st ex- 
jHiriinents was as follows ; After their first moulting, he 
U)ok some very sound worms free from corpusclea^ and fed 
them with corpusculous matter, which he prepared in the 
following simple manner. He pounded up a silkworm in 
a little y'iiter. and passed a paint-brush dipped in this 
liquid over the wliole surface of the leaves. During several 
days there was not the least appearance of disease in the 
worms fed on those leaves; they reached their second 
moulting at the same time as the standard worms which 


* Ihid., p. 120. 

* Louis Pasteur, Eng. Traoa., p. 138. 


* Ibid,, p, 120. 

* Ibid,, p. 141. 
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had not been infected. The, second moulting was accom- 
plished without any drawback. Tliis was a proof that all 
the worms, those infected as well as the standard lot, had 
taken the same amount of nourishment. Th.e parasite was 
apparently not present. Matters remained in this state 
for some days longer. Even the third moulting was got 
througli without any marked difference tween the two 
groups of worms. Jlut soon important changes set in. 
The corpuscles wliich had hitherto only showed themselves 
in the integuments of the intt^stines lx‘gan to appear in 
the other organs. From the second day following the 
third moulting — that is to say, the twelfth after the in- 
fection — a visible imujuality distinguished the infectod 
from the non-iiifocted worms. Those t>C the standard loU 
were clearly in mucli the best liealth. On examining the 
infected worms through a magnifying glass, a multitude 
of little spots were discovered on their heads, and on the 
rings of their bodies which luul not before show'u them- 
selves. These spots appeared on the extAuior skin when 
the iiit/erior skin of the intestinal canal conlaiiied a con- 
siderable number of corpuscles. It was tliesc^ corpuscles 
that impeded digestive functions and interfered with the 
assimilation of the food. Hence arose the iiie(| uality of size 
of the worms. After the fourth moulting, tlie same type 
of disease was noticed as that which was breaking out 
everywhere in the silkworm nurseries, e»[>ecially th(^ symp- 
tom of spots on the skin, which had l(‘d to the disease 
being called pebrine. The peasants said that the womis 
were peppered. The majority of the worms were full of 
corpuscles. Those which spun their cocoons produced 
chrysaliiles which were nothing but corpusculous pulp, if 
such a term be allowed.” * 

This comparison of cslhos in which the disease was in- 
troduced with those in which it was not seemed decisive 
in favour of the hypothesis that pebrine was contagious. 
But to allow for the influence of conditions in which the 
two cases differcMl, and which had l>een disregarded as unim- 
portant or because they were unknown, ** Pasteur was never 


* iWd., pp. 142-143. 
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tired of repeating ibis curious experiment, or of varying 
its conditions. Sometimes bo intro liiced the corpusculous 
food into bciiltby worms at their birtli, sometimes at the 
Sfi-oiid or third moulting. Occasionally, when the worms 
W(‘re al)Out to spin their cocoons, the corpusculous food 
was givt'ii Miein. All the disasters that were known to 
have happened in the silkworm nurseries, their extent and 
their varied forms, were faithfully reproduced. Pasteur 
cniated ii(. will any roqiiir(‘d manifestation of pebriue.”* 
In each case “ Ihisteiir was careful to reproduce these same 
e.xpei-iimiiits witli tin' worms of the standard lot, from which 
all infected worms had been selected,” but takiug care 
that the matter introduced slioiild I >6 free from corpuscles, 
/riie woriiis, unlihe the others, continued liealthy. 

A difhcultv n(»w arose. Contegion by experiment was 
proved, but it rcnuiined to show how contagion was possi- 
)>lo under industrial conditions. Pasteur established that 
there w(M’e thn'e causes of natural contagion. (1) The 
excreta of the worms may be more or less tilled with cor- 
])uscles: the worms by the weight of their bodies press 
this again-st th(^ leaves: and the kiaves when eaten intro- 
duce the <lisease. “ By the excreta of corpusculous worms 
which ho crusliod, luixt^d with water and spi-ead with a 
paint-brush over the mulberry leaves intended for a single 
meal, Pasteur was able to communicate the contagion k) as 
many worms as he liked.”* (2) “The six fore-feet of the 
worm liave sharp hooks at their ends, by means of which 
the worms prick each other’s skins”;® in doing so they 
may be soiled witli corpuscles which th6»y in turn introduce 
into another body by pricking it. Disease was ii^duced in 
this way by experiment. (3) “Infection at a distance, 
through tlie medium of the air and dust it carries is a fact 
equally well established.”^ Sweeping the breeding- houses 
may bo s\*fficiont. “ Wlien very healthy worms were placed 
ill a breeding nursery at a considerable distance from un- 
healthy worms, they, in their turn, became infected,”^ 

Lastly, an apparent exception had to be explained. 
The above experiments seemed decisive. “ Nevertheless^ 

♦ 

1 Ibid., p. 144. * Ibid., p. 147. ® Ibid. * Ibid., p. 14a 
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among facts invoked in favour of non-contagion there 
was one which it was difficult to explain. There existed 
several examples of successful cultivations conducted in 
nurseries which had totally failed from the effects of 
pelmne the year lx‘fore. The explanation is» as shown by 
Paslour, that the dust can only act as a contagion when it 
is fresh. Corpusculoiis matter, when thoroughly dried, 
loses its virulouoe. A few weeks suffice to render such 
matter inoffensive: hence the dust of one year is not 
injurious to the cultivations of the next year. The cor- 
puscles contained in the eggs intended for future cultiva- 
tion alone cause the transmission of the disease to future 
generations.”^ ^ 

3. Source of Power in Voltaio Pile. — As an example 
of essentially experimental investigation, we will take 
Faraday’s experimental proof of the theory that the source 
of power in a voltaic pile is due to chemical action. At the 
time he entered upon this investigation there Wei’S several 
hypotheses, “ but hy far the most important are the two 
which respectively find the source of power in contact, and 
in chemical force.”® It is iuiposHible to enumerate the 
enormous number of experiments Faraday made to settle 
this question. But the logical ground of them all was the 
same — to establish the hypothetical : * If chemical action, 
then an electric current,* and its reciprocal * If a current, 
ihen chemical action,* that is, ‘If there is no chemical 
action, there is no current.’ This he did by examining »both 
positive and negative instances, that is, by applying the 
Method ef Exclusions supported by Concomitant Varia- 
tions. By numerous experiments he established the posi- 
tive connexion, and showed that chemical action is both 
efficacious in producing a current, and sufficient by itself, 
and without any contact, to do so. For example : “ When 
tin was asspeiated with platinum, gold, or, I may say, any 
other metal which is chemically inactive in the solution of 
the Bulphuret [of potassium], a strong electric current was 

1, p. 148. 

^ ExptrimtnJUil in MpAricUy, VoL ii., $ 1796. 
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produced,” and as the chemical action decreased and finally 
cea8e<l in consequence of the formation on the tin of an 
“insoluble, iiivestin^^, non-conducting sulphuret of that 
metal,” the electric current diminished and finally ceased 
also.* Further, “ when the chemical action changes, the 
current changes also. — This is shown by the cases of two 
pieces of the same active metal in the same fluid. Thus if 
two piece's of silver be associated in strong muriatic acid, 
first the one will be positive and then the other; and the 
changes in the direction of the current will not bo slow as 
if by a grarlual fiction, but exct^edingly sharp and sudden.”* 

The negative experiments establishing the reciprocal pro- 
position were also numerous — “ Where no chemical action 
occurs no current is produced. — This in regard to ordinary 
solid conductors, is well known to be the case, as witli 
metals and other bodies. It has also beem shown to be 
true when fluid conductors (electrolytes) are used, in every 
case where they exert no chemical action, though such dif- 
ferent substances as acids, alkalies and sulphurets have 
been employed. . . . But a current will occur the moment 
chemical action commences. — This proposition may be well 
established by the following experiment. . . . Two plate.s 
of iron and platinum are placed parallel, but separated by 
a drop of strong nitric acid at each extremity. Whilst in 
this state no current is produced . . . ; but if a drop of 
water be added . . . chemical action commences, and a 
powerful current is produced, though without metallic or^ 
other additional contact.”^ Here we have appeal to the 
Method of Difference. 

Faraday thus sums up : “ With such a mass of^evidence 
for the efficacy and sufficiency of chemical action . . . ; 
with so many current circuits without metallic contact and 
so many non-cui-reut circuits with ; what reason can there 
be for referring the effect in the joint cases where both 
chemical action and contact occur, to contact, or to any- 
thing but the chemical force alone ? Such a reference 
appears to me most uuphilosophicai ; it is dismissing a 

* /W., § 18S2, of. § 2031. - Ibid., § 203a, 

» Ibid,, §§ 2038-3039. 



ABOOK. 


§ 4 ] 


411 


proved and active cause to receive in its place one which is 
merely hypothetical . ” * 

Such a brief sketch pives but a faiut idea of the tho- 
roughness with which Faraday tested the two rival hypo- 
theses, or of tlip wealth of evidence in favour of the theory 
of chemical activity wliich he brought forward ; but it is, 
perhaps, sufficient to ilhisl.i*ate the fundamental point that 
the logical chanicter of the method is throughout an appeal 
to both positive and negative instances. 


4. Argon. — We will next examine the rosearches of Lord 
Rayleigh and Sir William Ramsay into argon, the recently 
discovered constituent of the atmosphere, as recorded i:^ 
the Abstract of their Paper read liefore the Royal Society 
on January Slst, 1895, published in Nature,"^ from whicn 
our quotations are taken. This furnishes us with a very 
complete and beiiutiful illustration of the logical inductive 
method. 

The invest igation started from the detection of an unex- 

S lained residual phenomenon. Careful determination of 
ensity had shown that nitrogen obtained from various 
chemical compounds is of a uniform density, but that 
' atmosplieric ’ nitrogen is about | x)er cent, heavier. Two 
hypotheses — each of which placed the explanation in the 
character of the lighter * chemical * nitrogen, and were sug- 
gested by analogy drawn from experience in the chemical 
laboiatory — were successively conceived to ac(*ount for this 
phenomenon, and were rejected after being tested. ** When 
the discrepancy of weights was first encountered, attempts 
were naturally made to explain it by contamination with 
known impurities. Of these the most likely api)eared to be 
hydrogen, present in the lighter gas in spite of the passage 
over red-hot cupric oxide. But inasmuch as the intentional 
introduction of liydrogen into the heavier gas, afterwards 
treated in the same way with cupric oxide, had no effect upon 
its weight, this explanation had to he abandoned, and finally 
it became clear that the difference could not be accounted 
for by \jie presence of any known impurity. At this stage 


1 Ibid,, § 2053. 


* Vol. IL, pp. 347-356. 



412 EXAMPLES OP IHDUCTrON. [CH. 31 

it seemed not improbable that tlio lightness of the gas 
extracted from chemical compounds was to be explained by 
partial dissociation of nitrogen molecules N., into detached 
atoms. In order to test this suggestion both kinds of gas 
were submitted to tlio action of the silent eletdric discharge, 
with the result that both retiuiied their weights unaltered. 
This was discouraging, and a further experiment pointed 
still more markedly in the negative direction. The chemical 
behaviour of nitrogen is such as to suggest that dissociated 
atoms would possess a higli degree of activity, and that 
even though they might be formed in the first instiince 
tlieir life would probably be short. On standing they 
might be expected to disappear, in part ial analogy with the 
Icnown bidiaviour of ozone. With this idea in view, a 
sample of clumiically prepared nitrogen was stored ft)r eight 
months. Hut at the end of this time the density showed 
no sign of increase, remaining exactly as at first.”* 

Another hy[)othesis had, ilierefore, to be sought on the 
estaldislied. ground that one or other of the gases must be 
a mixture.” But as, “ except upon the already discredited 
liypothesis of dissociation, it was difficult to see bow the 
gas of cliemical origin could be a mixture . . . the simplest 
explanation in many respects was to admit the existence 
of a second ingredient in air from whicli oxygen, moisture, 
and cai’bouic anhydride had already l>eeu removed.”* 

This hypothe.sis, however, is immediately met by an 
objection which partially takes the form of a logical excep- 
tion. “ In accepting this explanation, even provisionally, 
we had to face the improbability that a gas surrounding 
us on all sides, and present in enormous quantities, could 
have remained so long unsuspected.”® The answer to this 
objection was only fully found at a much later period of 
the investigation, when it was shown to be only an appa- 
rent objection, as the inert cliaracter of the newly dis- 
covered gas sufficiently accounts for its having so long 
(^scaped observation. It was necessary, however, to ex- 
amine at once “ the evidence in favour of the prevalent 
doctrine that the inert residue from air after witj^drawal 


* P. 348 6. 
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of oxygen, water, and carbonic anhydride, ia all of one 
kind,” as such eviclonce was logically an exception to the 
new liypothesis, and, therefore, if sustained, must prove 
fatal to it. This evidence rested upon the experiments of 
Cavendish. whose melluMl consisted in operating with 
electric sparks upon a short column of gas confined with 
potash over inercui-y at the upper end of an inverted 
U lul)e.”‘ Jlut itapjHiiirsthat these very exjxiritnents are 
evidence in favour <d‘, instead of in opposition to, the hypo- 
thesis (d‘ an a-ddilional coustitnent in the atmosphere, for 
Oaveiidish records that “a small huhble of air remained 
unabsorlied ’ at tlie end of his (jxperimeuts. The excep- 
tion is, tluu•efor(^ only apparent, and when exactly stato<^ 
helps to ‘prove the rule,’ 

The ground being thus cleared, experiments were in- 
stituted to (‘stahlish the new hypothesis. These were, of 
course, both positive and negative, the former tnung 
directed to establish the existence of a new constituent 
in ‘ atniosf)h(M'ic ’ nitrogen, and the latter to prove that 
this constituent is absent from ‘cheinicar nitrogen. 
Tlio j)osit ive experiments, in otlier words, were directed to 
establishing the proposition * If the excess of density of 
‘ atmospheric ’ over ‘ claunical ’ nitrogen is due to the pre- 
sence in the former of another gas besides nitrogen, then 
this other gas will remain after tlie uilrogen is withdrawn/ 
and the negative experiments tt) showing that this resi^lue 
cannot be nitrogen, as it is not found when ‘chemical' 
nitrogen is the gas i){)erated upon. » 

The first moile t>f positive experiment was sparking air 
to wliiclf oxygen was grtuJiially added in the presence of an 
alkali— that is, the method of Cavendish mentioned above. 
In every case there was a small residue, and “ that this 
small residue coiild-mot be nitrogen was argued from the 
fact that it had withstood tlie prolonged action of the 
spark, although mixed with oxygen in nearly the most 
favourable proportion.”^ 

The next step illustrates the function of number of in- 
stances^ experiment — to ensure that extraneous elements 
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have not crept in, that is, that only known conditions 
are present. It is thus described : “ Although it; seemed 
almost impossible that these residues could be either nitro- 
gen or hydrogen, some anxiety was not unnatural, seeing 
that the final sparking took place under somewhat abnor- 
mal conditions. The space was very restricted, and the 
tempemture (and with it the proportion of aqueous vapour) 
was unduly high. But any doubts that were felt upon 
this score were removed by comparison experiments in 
which the whole. quantity of gas operateti on was very 
small. . . . Several repetitions having given similar re- 
sults, it became clear that the final residue did not depend 
upon anything that might happen when sparks passed 
fhrough a greatly reduced volume, hit was in proportion to 
the amount of air operated upon."^ 

The second mode of positive exi)eriment was to pass 
‘ atmospheric * nitrogen over red-hot magnesium. A resi- 
due was left, and ‘‘on passing sparks for several hours 
through a mixture of a small quantity of this gas with 
oxygen, its volume was still further i-educed. Assuming 
that this reduction was due to the further elimination of 
nitrogen, the density of the remaining gas was calculated 
to be 20 0."^ 

The third mode of positive experiment was by atmolysis, 
or the transmission of ‘ atmospheric ’ nitrogen through a 
porous substance in order to determine whether it is a 
mixture of gases of different densities. When such a 
mixture is thus treated the lighter gas passes through 
the porous substance first. When air had, therefore, 
undergone atmolysis, and the oxygen, ammonia, moisture 
and carbonic anhydride had been I’emoved from that por- 
tion which had not passed through the porous substance, 
Uie reiaaining * atmospheric ’ nitrogen should — on the 
hypothesis adopted for investigation — be of a greater 
density than or^ary * atmospheric ’ nitrogen, as it should 
contain a larger proportion of the denser gas, and this 
was found to be the case in each of three such experi- 
ments. The positive experiments, therefore, apT)ear to 
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yield overwhelminf^ evidence that ‘atmospheric’ nitro^i 
is a mixtui'e of * chemical ’ nitrogen and a gas of greater 
density, hitherto unknown, and to which ttie distn^verers 
gave the name Argon. 

A series of negative experiments was thou entered upon,' 
in which each of the first two series of positive experi- 
ments was performed upon ‘ chemical ’ instead of ‘ atmo- 
spheric’ nitrogen. In each case a very small residue of 
argon was found, from oue-iiinth to one- fortieth of the 
amount that would have remained had ‘atmospheric* 
nitrogen been used. Even this small residue could bo 
accounted for. In the cases in which it was largest there 
had been leakage and air had entered, and in the others 
“ the source of the residual argon is to bo sought in tlio 
water used for the manipulation of the large quantities 
of gas . . . employed.” This is supported by analogy: 
“ When carbonic acid was collected m a similar manner, 
and subsequently absorbed by potash, it was found to 
have acquired a contamination consistent with this ex- 
planation.”* 

The negative experiments thus corroborate the positive 
ones, and the existence of argon is proved ; thus the hypo- 
thesis is established and the first induction is completed. 

The next object was to examine the nature of argon, and 
such an examination yielded many confirmations of the 
results already obtained, by showing that argon differs 
radically from nitrogen. 

The first problem was to determine its density.^ This 
was first reached by deductive reasoning “ on the assump- 
tion that the accurately known densities of atmospheric 
and of chemical nitrogen differ on account of the presence 
of argon in the former, and that during the treatment 
with oxygen nothing is oxidised except nitrogen.”'-* This 
assumption was known to be justified bemuse experi- 
ment had proved that ‘chemical’ nitrogen obtained 
from magnesium nitride, which had been prepared hf 
passing ‘atmospheric’ nitrogen over ignited magnesium, 
was of the density usual to chemical nitrogen. “ It is 
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therefore seen that ‘chemical’ nitrogen, derived from 
‘atmospheric' nitrogen, without any exposure to red-hot 
feopper, possesses the usual density.”^ The density thus 
obtained was 20*6. Here again we have the suggestion of 
a hypothesis by the quantitative computation of a residual 
plienomenoQ. This hypothesis was then to be tested ex- 
perimentally. This could not l)e done by direct weighing, 
as it was not found possible to collect by the oxygen 
method enough of the gas to fill the large glol>e employed 
for other gases. So a mixture of about 4<00 c.c. of argon 
with pure oxygen was weighed, and the density of argon 
calculated from the result, and found to be 19*7. The 
argon derived from the second series of positive experi- 
ifients was found to have a density of 19'9. As the density 
of argon is thus proved to be different from that of 
nitrogen, this determination supports the conclusion 
already reiudied that argon is a distinct constituent of 
atmospheric nitrogen. 

A careful examination of the spectrum of argon by 
Mr. W. Crookes disclosed the hict that argon “gives two 
distinct spectra according to the strengtli of the induction 
current employed.” Nitrogen does tJie same, but while 
the two sfxjctra of nitrogen are different in character, one 
showing fluted bands and the other sharp lines, the argon 
spectra both consist of sharp lines.”** Additional confir- 
mation of the existence of argon was thus furnished. But 
furthei’, Mr. Crookes says : “ I have found no other spec- 
trum-giving gas or vapour yield spectra at all like those of 
argon,”® and this is a proof that argoixis a gas previously 
unknown. But the fact that it yields two sj)^ra sug- 
gested the hypothesis that argon is really a mixture of 
two gases. This is an instauce of how the solution of 
one protein opens up others by bringing tb light new 
phenomena requiring explanation. Other considerations 
bearing on this point will be noticed later om 

The solubility of argon in water was next determined, 
and was found to be approximately that of oxy^n and 
about two and a half times that or nitrogen. T^is oon- 


I P. 348. 


2 P. 354 a. 


3 Ibid. 



ABOON. 


417 


§4] 

elusion was proved by testing the deductive inference that, 
if so, argon would be found in increase<l proportion in tlie 
dissolved gases of rain water ; the tost experiment showed 
that the argon in ‘ wafer ' nitrogen is in the ratio of 24:11 
to that in ‘ atmospheric * nitrogen. 

Experiments were conducted by Professor Olszewski on 
the liquefatdion and solidification of argon. Four series 
of experiments in all were carried out, two with tlie object 
of determining the critical tempcirature and })ressure of 
argon, as well as measuring its va])our pressure at several 
other low temperatures, wliile two other series served to 
determine its boiling and I'rix^zing points under atmospheric 
pressure, as well as its density at its boiling point.” ^ It 
was found that the critical temperature is — 12r^ 0 (that* 
of nitrogen being — 146'^ 0), its critical pressure 50 0 at- 
mospheres (that of nitrogen being 3.5 0), its boiling point 
— 187^*0 (that of nitrogen Ixiing— 104'''4), and its freez- 
ing point — 189^^‘t), at which temperature it sedidifies into 
white crystals (that of nitrogen being — 214" 0). 

It further appears from experiments made on tho 
velocity of sound in argon “that argon gives practically 
the ratio of specific heats, viz. 1-60, pro])f*r to a gjis in 
which all the energy is translational. Tlio only ot her gas 
which has been found to behave similarly is mercury gas, 
at a high temperature,”* “In the case of uu^rcury the 
absence of interatomic energy is regarded as a proof of the 
monatomic character of the vapour, and the conclusion 
holds equally good for argon. . . . Now a monatohnq gas 
can only he an element, or a mixture of elements; and 
hence it follows that argon is not of a compound nature.”* 

But whether it is an element or a mixture of elements 
was still doubtful. “ The behaviour on liquefaction, how- 
ever, seemed to prove that in the latter case either the 
proportion of the subordinate constituents was small, or 
else that the various constituents were but little contrastel. 
An attempt, somewhat later, by Bamsay and J. Norman 
Collie to separate argon by diffusion into two parts, which 
should have different densities or refractivities, led to no 
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distinct efPeot. More recently Kainsay and M. W. 'ihravers 
have obtained evidence of the existence in the atmosphere 
of three new gases, Ixisides helium, to which have been 
assigned the names of neon, krypton, and xenon. These 
gases agrc^e with argon in respect of the ratio of the specific 
heats and in being non-oxidizable under the electric spark. 
As originally defined, argon included small proportions of 
these gases, but it is now preferable to limit the name to 
the principal constituent and to regard the newer gases as 
‘ coinpanions of argon.’ The physical constants associated 
with the name will scarcely be changed, since the propor- 
tion of the ‘ companions ’ is so small. Sir William Ramsay 
I considers that probably the volume of all of them taken 
together does not exceed 1 AtOOth part of that of the argon.”' 

Jf arg^m is jiii eltuncni, its atomic weight is io, for its 
molecule is idenfi(*al with its atom, and the molecular 
weiglit. of a gas is double its density, which in the case of 
argon is ji|){)roximately 20. 

” From the manner of its preparation it was clear at 
an early stage that argon would not combine with magne- 
siinn or calcium at a red heat, nor under the influence 
of the electric discharge with oxygen, hydrogen or nitro- 
gen. Numerous other attempts to induce combination klso 
failed. Nor does it appear that any well-defined compound 
of argon has yet bwii prepare<l. It was found, however, 
by M. P. E. I^rtlielob that under the influence of the silent 
electiic discharge, a mixture of benzine vapour and argon 
underwent contraction, with formation of a gummy product 
from which the ar^on could be recovered.”^ 

The determination of the inert nature of. argon — to 
which it owes its name-answered all objections to the 
hypothesis of it« existence based on the fact of previous 
non-abservation. “ For more than a hundred vears before 
1894 it had l)een supposed that the composition of the 
atmosphere was thoroughly known. Beyond variable 
quantities of moisture and tmees of carbonic acid, hydro- 
gen, ammonia, etc., the only constituents recognised were 

' ^rd Rayleigh : Article on Argon, J&ncy. Brit.. llthed,,p. 478 a, 
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nitrogen and oxygen. The analyais of air was conducted 
by determining the amount of oxygen present and assum- 
ing the remainder to he nitrogen. Since the time of Henry 
Cavendish no one seemed even to have asked the question 
whether the residue was, in trutli, all capable of conversion 
into nitric acid.” ^ 

Even such an imperfect outline as the above makes 
abundantly manifest that induction is by no means an easy 
process, or one that can be reduced to mechanical rules; 
that the procedure starts from, and is guided throughout 
by hypotheses ; that numl)er of experiments is appealed 
to only as a guarantee that only known conditions are 
operative ; that the procedure of perceptual analysis is to 
establish a positive connexion, to purge this of exceptions 
and to limit and corroborate it by negative instances ; and 
that one inductive enquiry gives rise to others. 

5. Aenry VIZI and the Parliament of 1529. — It 

will be fruitful to compare the exactness of experiment 
and the certainty of conclusion possible in such a research 
as that just considered, in which experiment can be used 
throughout to verify or to disprove hypotheses, witli the 
uncertainty of speculation and the balancing of proba- 
bilities which are the sole resources of the labouiur in 
social or historical science. As an example of liistorioaJ 
reasoning We will take Mr. A. F. Pollard’s examination of 
the assertion that at the election of 1529 the House of 
Commons waE packed with royal nominees.* Only the 
salient featiuus of the argument are indicated. 

Mr. Ptjllard contends that the House was not packed, 
but that the elections were free. This is the hypothesis 
he sets out to e.stablish. He points out that “ the election 
of county members was marked by unmisiakeable signs of 
genuine popular liberty. There was often a riot, and 
sometimes a seeret canvass among freeholders to promote 
or defeat a particular candidate.”® Two illustrations are 
given, one of ''secret labour among the freeholders of 
Warwickshire,” and the other of a “ hotly contested elec- 
tion betjyeen the candidate of the gentry of Shropshire 

* tbid,, p. 475 a. * Pollard, Henry VIII, p. 252, * Ibid*, p. 252, 
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and the candidate of the townsfolk of Shrewsbury.” The 
first is of date 1534, and only on the assumption that it is 
typical of the times can it bo used as evidence for 1629 ; 
the second is not dated. There is also the assumption, 
based on analogy, that a “ riot ” and a “ secret canvass *' 
are “ signs of genuine popular liberty ” of election. 

The next instance taken has also only the force of an 
analogy. “ In 1547 tlie council ventured to recommend 
a minister to tlie freeholders of Kent.”^ The electors 
objected, and in spite of the councirs protest that they 
had no wisli to deprive the shire of its “ liberty of elec- 
tion,” the government candidate had to find another seat, 
^ince this incident took place presumably after the death 
of Henry VII E it has no probative value and again as- 
sumes that tluj conditions in 1529 were sufficiently similar 
to make such instances pi^ssible, though there is an absence 
of direct testimony to them. 

But phrases like ‘ popular liberty/ ‘ freedom of election * 
may mislead owing to analogies from modern times. It 
is, therefore, pointed out that the boroughs were often 
close corporations of few electors. They were on account 
of their numbers especially susceptible to external influ- 
ence, and therefore to that of the king. To this it is 
replied that there was every variety of franchise. In some 
it was almost democnitic. This is supported by the 
example of London. The election to the Parliament of 
1529 took place in the presence of a large company in the 
Guildhall with “ no hint of royal interference, the election 
being conducted in the customary way, namely, two candi- 
dates were nominated by the mayor and aldei^nen, and 
two by the citizens.” ^ The argument is here from silence ; 
the absence of any hint of royal interference is not in 
itself eonclusive since we are not certain that if there had 
been interference, the record of it would have remained. 
The fact, however, that the election took place in the 
presence of a throng of citizen electors makes the theory 
of interference improbable. 

However. “ in many boroughs, elections were largely 

f 
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determined by recoin meiidat ions from neighbouring mag-* 
nates, tei’ritorial or offieial.” It is suggested that the 
^ latter would be subservient tt) the king. liut it is clear 
that tlie nominations were not royal, and theie is no evi- 
dence to sliow that such classes were necessarily supporters 
of the king. Royal niinisters, of course, would be. Apart 
from tliem members would repres?ent the views of tneir 
patrons, and these might be oppcmed to the Court. That 
there w’as opposition is siipj)orted by the fact that ** in 
1531) Groin well’s ugents were considering tlie advisability 
of setting up Crown ciindidates against tliose of Gardiner, 
Bishop of VVincliest(*r.” ^ 

A letti^r to Cromwc‘ll, written in 1529. is quoted in sup- 
port of the theory that the House of Commons consist^ 
of Royal Nominees. On examination this is shown to be 
i inconclusive. Cromwell sought Henry’s permission to 
serve in parliament in order to be useful to the king. If 
Henry accepted his otter he was to l)e nominated for 
Oxford. But his election there was not regarded as cer- 
tain— ‘an obvious limitation of the royal power. If not 
elected for Oxford ho was to put up for a constituency in 
the diocese of Winchester. Asa matter of fact lie sat for 
Taunton. This is not conclusive against royal nomination. 
It does show, however, that there were difficulties in the 
way of its exercise. It is admitted that there was a 
small numlier of royal boroughs in which the king had 
only the same influence as an ordinaiy patron. 

The next hypothesis to be refuted is that constituencies 
were created in order to further royal influence. Returns 
show that as a matter of fact there were six boroughs in 
1529 which had never returned members before. Two 
explanations are suggested: (1) Almost all the six had 
increased in population or importance, and it is suggested 
that their representation was due to that. On the general 
principle relating to the creation of constituencies the 
reasons given are adecpiate. (2) But there is an alterna- 
tive suggestion — that they were created to pack the House 
of ConiAQons. This is negatived by considering the futility 
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of creating half-a-dozen boroughs. For “ so small a 
number of votes was useless, except in the case of a close 
division of well-drilled parties, of which there is no trace in 
the Parliaments of Henry VIII. The House of Commons 
acted as a whole, iind not in two sections. ‘ The sense of 
the House’ was more apparent in its decisions then than 
it is to-day. Actual divisions were rare: either a pro- 
posal commended itself to the House, or it did not; and in 
both cases the question was usually determined without a 
vote.”' The analogies drawn from present-day procedure 
are rejected Inicause there were fundamental differences of 
conditions. TIh^ rejection of the seicond explanation does 
Fot prove the lirst, but it strengtlnuis it. In the absence 
of furtlier alternative siiggi'stions, the first has considerable 
prol)ability from ‘ the nature of the case/ that is, as a 
deduction fnun general principles. 

Further, the creation of boroughs to serve the king’s 
interest must l)o shown to be motived by the king’s 
political needs. TIhj only reasonable ground would l)e an 
opposition of interests be.tweon king and parliament. But 
there was no lU'ed to pack the parliament on this score, 
since both were averse from war and both had grievances 
against the Church. Their secular and ecclesiastical in- 
terests were identical. The creation of boroughs is also 
shown to he unnecessary on the ground that parliament 
could not 1)0 a centre of discontent. The members were 
chiefly from the landed gentry and the prosperous com- 
mercial classes. Now the grievances of the time were 
social and economic, and not as a rule political. For 
example, cx>mplaiuts were rife as to the enclosing ‘^of lands 
and trading monopolies. Assuming that Henry was averse 
to measures for redress, he had no need to fear that pai*- 
1. ament would pro}>ose them, for members were themselves 
the cliief offenders in these matters. Thus Henry had no 
adequate motive for packing his parliament. 

Lastly there was systematic interference in elections 
during Henry VIII's reign, why not then in 152d^? This 
is met by the hypothesis that systematic interfereace was 
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a later expedient due to Cromwell. As for the facts " it 
was apparently tried during the bye-olectious of 1534, and 
at the gemn*al elections of 153i> and 1539.”^ The motive 
is found ill the necessity which Cromwell was iimler of 
finding support in his struggle with “the reactionary 
party in the council.'’ (Notice the (piestion- begging 
epithet ‘ reactionary.’) The fact that sliortly after the 
policy of interference was adopted (vVoinwell was executed 
is noted as significant, and is alleged to support the 
author’s contention on tln^ grouinl of a ten! alive gcnieral- 
isatiou which is illustrated from later limes. “The 
packing of Parliaments has in fju*t betm generally tlio 
death-bed expedient of a morilmnd (loviTnnumt. Th(», 
Stuarts had their ‘ Under lakers,’ and the only Parliamimt* 
of Tudor times whieh consisted mainly of goveruuieiit 
nominees was tliat g.ithered by Northumberland on the 
eve of his fall in March, 1553; and that that body was 
exceptionally constituted is obvious from Itenard's Cii- 
quiry in August, 1553. as to whether Charles V would 
advise his cousin, Queen Mary, to summon a general 
parliament or merely an assembly of ‘notables’ after the 
manner introduced by Northumberland.'’** 

The above example illustrates the difficulty of coming 
to defiuite and convincing conclusions in tlio absence of 
full and adequate testimony. The facts on which the 
argument is leased represent a selection made from con- 
temporary documents. In his condensed narrative the 
historian does not analyse the general value of his sources, 
nor test the sincerity and accuracy of separate statements, 
probablyibeeause they are of such a kind that there is no 
motive for calling their genuineness in question. Taking 
the facts as they are reported, he shows how they support 
his hypothesis, and the conclusions drawn from it. The 
whole narrative is avowedly a cA>iistructioii which the 
author believes to represent the truth. His attitude to 
history can be best expressed in his own words. R> 
ferring numerous sources for the facts of Henry 
Vni’s ,reign made accessible in recent years, he saya, 
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“These sources probably contain at least a million definite 
facts relating' to tlie rei^n of Henry VJII; and it is 
obvious tliat the task of selection has l>econie heavy as 
well as invidious. . . . Yet selectit)u is inevitable, and 
arrangement essential. I'lie liistoriaii ha^ no option if ho 
wishes to be intelligible. He will naturally arrange his 
facts so that they spell what he believes to be the truth ; 
and ho must of iieces.sity suppress those facts which he 
judges to he iniinaterial or inconsistent with the scale on 
whicli he is writing. And if the su[Kn*ab undance of facts 
compels both selection and suppression, it counsels no 
leas a n^straint of judgment. . . . Dogmatism is merely 
th<i rt'sult oF ignorance ; and no honest historian will 
^)re.f(md to luivi* iuasUire<l all the facts, accurately weighed 
all th(^ evhk'uce, or pronounced a final judgment.”^ 

(). Wave Theory of Light. — As a last example we will 
take the (^stal)lishmeiit of a wider generalisation embracfiug 
many empineal laws, and give in outline the steps by 
wl)i(di the wave theory of light gradually won general 
acceptance. The steps cannot Ikj given in detail because 
of the somewhat <iiflicult mathematiciil leasoning in- 
volved. 

The wave theory assumes the existence of a medium 
called the luminiferous ether through which light is pro- 
pagated in waves. It was suggested by analogy with the 
theory of sound. Both light find sound were known to bo 
leflected according to the same law, and it was further 
knpwn that sound is propagated in waves through a medium 
such as air or wood. Ifence the suggestion tlia^t light is 
propagated in a similar way. But wave-motion from its 
very nature cannot be conceived except in some continuous 
medium which transmits the motion. Now light reaches 
us from the stars. Consequently in order to account for 
the arrival at the earth of light from the stars we must 
assume, if we adopt the wave- theory, the presence in the 
intervening space of a continuous medium csjMiblQ ‘of 
transmitting waves. Since the properties of the 
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cannot be directly apprehended by the senses we can only 
arrive at them by the indirect method of enquiry.^ 

Huygens, in his Tra{t^‘ de la Lumirre published in 1678, 
gave the earliest iinjx)rtant exposition of the Wave Theoiy 
of light. That theory in its present form assumes that a 
candle or gas flame, the incandescent filaniout of an electric 
glow lamp, a glowworm, t>r any other material body gene- 
rating light, does so by the propagation of vibrations 
through the luminiferous ether. The vibnitions are pro- 
pagated in the form of waves in every direction in such 
fashion that the wave*- front has the form of a sphere. 
Moreover, around each particle of a vibrating medium 
as a centre other sjdierical waves are formed. The ether 
is assumed to fill all space and to t)ermeate all matter, t5) 
have a definite deaisity, and to [mssess elasticity. 

When Huygens wrote, two imporUnt empirical laws in 
relation to reflect ion and refniction had l)eeu established. 
If a ray of light is reflected from a perfectly smooth sur- 
face, the angle l>etween the ray of light and the perpen- 
dicular drawn to the surface at the point where the ray 
reaches it, is equal to the angle between the reflected ray 
and the same p^irpendicular. Both reflected ray and 
incident ray lie in the same plane. On the other hand, if 
the smooth surface is that of a transparent medium, a 
second ray starts from the point of incidence and traverses 
the transparent medium. This is termed the refracted 
ray, and makes an angle with tlie perpendicular as beiore 
defined which bears a constant ratio to the angle of 
incidence, The value of the ratio in auy particular ease 
depends*on the nature of the two media through which the 
light passes. Huygens showed that thesfi laws of reflec- 
tion and refraction follow at once if light is assumed tq be 
a wave motion with a speed of pro]>agation that is the 
same for each medium, but different for different media. 

So far the theory was capable of explaining important 
pheiiomena of light, but as Huygens formulated it, there 
W 0 ^ ot£er phenomena which it did n )t explain. It did 
not, account for the fact that light travels in straight lines. 

^ See ^ser, Light for StitdeiUs^ p. 286. 
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1 

On analogy with sound it seemed as though light should 
be setiii, as sound is heard, when a material obstacle inter- 
venes. On this ground Newton rejected the theory. “ If 
light c()nHi8t<3d in vibrations it would, like sound ‘ bend 
into the shadow.* ’* ^ He preferr(3d, therefore, the rival 
corpuscular theory that light C/Onsists of a grtjat number of 
material paiticles travelling at a great speed and emitted 
by luminous bodies. This theory easily explained the 
rectilinear })rop:ig;il ion of light since the particles them- 
selves were concruved to move in straight lines. It also 
ac(30unted for tJio laws of reflection and refraction, though 
it did not explain as well as did the wave, theory how tliere 
(y)uld l)e both reflection and refraction in the case of a 
transparent inedium. Two assumpt ions were made : first, 
that the luminiferous particles arci [KU-fcctly elastic; second, 
that they travel faster in a denser medium. (Traut-ed the 
perfect elasticity, the laws of reflection could bo easily 
deduced: gra iU'd the more rapid propagation iu a diuiser 
medium, the laws of refraction at once followed. Thus 
tbe corpuscular hypothesis \vas moulded to fit the facts. 
But neither hypothesis gave a satisfactory explanation of 
all the facts. After <'onsidenibU3 hesiUilioii Newton pro- 
uuuncod iu favour of the corpuscular tlicory, and his great 
authority caused the wave theory to fall into disrepute 
until it was revived at the lK*ginuing of the nineteenth 
century by Young, in England, and Fresnel in France. 

To these men was due the first sisitunent and develop- 
ment of the }trlnriph a/ i rite r/e trace. When any medium 
is set independeutly vibmting at two pnnts very near to- 
gether, the wave-motion with its centre at one point will 
overlap and interfere with the wave-motion which has its 
coiiti’o at the other. When the crests or the hollows of 
tlie wav^ from each source coincide they accentuate the 
separate effect of each, but whei*o the crests from one 
meet the hollows from the other the separate effects are 
neutralised. In the first case the vibrations differ in phase 
by a wave length or some multiple of a wave length : iu 
the second, they differ by a half wave length or s^me odd 
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multiple of it. Now if light be due to wave-motion there 
should 1)6 cases in whicli waves from two sources of light 
interfere with one another so as to give increased bright- 
ness where the waves help one another, and to produce 
darkness whei*e they act in opposite dircMitions. Fresnel 
produced the phenomena by experiment. A l)eam of sun- 
light was introduced into a darKoued room and focnissod at 
a particular point. This {)oiiit was roilected from two 
mirrors armnged at such an angle ihat tlie two streams of 
light followed a slightly different path, but near enough 
together to produce the phenomena of interference if the 
wave theory were true in fact. It was found that alternate 
bright and dark bands of colour were produce<l as thew 
theory had led him to exjxjct. 

The experiment was varied by passing the white light 
through glass of different colours, but the results only 
served to confirm the principle of interference. With red 
light, for example, the bands were alternately red and 
black. Newton had been familiar with the phenoiuona in 
another form and liad explaine<l it by moans of the corpus- 
cular theory with tlie aid of one or two further assumptions 
as to the mode of action of his light particles. His expla- 
uatioii was “ reasonable and ingenious,” but one of his 
assumptions has l)eeii shown exjxjriuieiitelly to bo un- 
warranted. “ Fresners ex^>erimout gives decisive evidence 
in favour of the wave theory of light. That light when 
added to light should produce (larkness is incomprehensible 
on any theory of the material nature of light.” ‘ 

But the difficulties of the wave theory were so grejit in 
themselves that it did not ap{)ear decisive at tlie time. 
Fresnel had, however, lessened them by showing that the 
approximate rectilinear propagation of light could lie ex- 
plained by wave- motion. Mathematical considerations 
prove tliat on the assumption that the length of a light 
wave is very small in comparison witli ordinary magni- 
tudes the path of a ray of light would not differ appre- 
ciably from a straight line. It can be shown by independent 
methodB<»** that, as a matter of fact, the wave length of 


Kdser, Lig/U/cr Studenti, p. 323. 
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)ij?hfc varicH between 0 4 x 10“-’ mm. and O S x 10“^ mm., 
accordiuj^ to its colour,”* and this length is of the requi- 
site degree of smalliiess. 

But in strict tlieory “ waves of such lengths should 
exhibit a slight teiideiicy to bend round corners, and the 
effects of this should be observable under appropriate con- 
ditiou.s.”‘^ If liglit travelled in straight lines the shadow's 
cast by objects not illuminated by other sources of light 
should have c.h^ar cut outlines, and be of definite geometri- 
cal shape. Grimaldi in the seventeentli century had ob- 
served phenoirnma at variance with this deduction. He 
introduced a pencil of light into a dark room through a 
•sm ill liole. “ The shadow cast by a rod held in the cone 
of light was allowed to fall upon a wdiite surface. To his 
surprise lie found the shmlow wider than the computed 
geomcti ical sliadow ; moreover, it was bordered by one, 
two, and sometimes three coloured bands. When the 
light was very st rong, he saw, in addition, coloured baiuis 
inside the sliadow itself. On replacing the rod by an 
opaque plate with a small hole in it, tlie illuminated circle 
was found larger than it should have been on the supposi- 
tion that the rays travelled past the edges of the hole in 
exactly straight lines. This and other experiments estab- 
lished the fact that light bends very sliglitly round a 
corner. Ho called the new phenomenon ‘ diffraction.* ^ 
Diffraction w'as explained on the emission theory “ by 
means of liypothetical laws of attraction and repulsion 
lietweeii the light corpuscles and the edges of the 
object causing dift'ractiou.” ‘ At a later date the pheno- 
menon was studied experimentally, and the facta were 
found to be in accordance witli deductions from the 
assumed propapagatiou of light in waves through ether 
as a medium. Again, both hypotheses explained the 
pheuoineiion. 

A further difficulty in the way of accepting the wave 
theory arose from the polarisation of light. If a ray of 
liglit "bo passeil through a rhomb of Iceland spar it will 

t 

^ Edser, 4*27. Ibid., p. 427. 

* Ciijori, History of Physics, p. 88. * p. 143. 
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take two different paths. One of the two rajs is called 
the ordinary raj, the othei; the extraordinary. It is the 
latter which is said to he polarised. Mains discovered that 
similar phenomena are produced bj reflection. “At this 
time no explanation of polarisation ha i heen given bj the 
wave theory, wliich was in great danger of being over- 
thrown by the new mass of evidence furnished by Mains. 
Thomas Young wrote in 1811 to Mains, Avho was a pro- 
nounced partisan of the emission theory : * Your experi- 
ments demonstrate the insufficiency of a theory (tliat of 
interferences), which I had adopted, but they do not 
prove its falsity.’”* In other words, he did not feel 
called upon to abandon his hypothesis, but ftdt that he 
must sec^k some modification of it which would explaii» 
tlie new facts brought to light. As the w^ave theory then 
stood, the wave-motion of light was conceived as similar to 
that of sound, and therefore the vibrations were thought 
to lx* only longitudinal, that is, in the direction of the ray. 
This assumption did not account for the direction of the 
polarised ray. But Fresnel assumed that in this cuse the 
vibration was in a direction transverse to the ray, and 
then showed that the consequeiux^s of this assumption 
were borne out by the facts as experimentally deter- 
mined. Thus with a slight modification the wave theory 
was proved to explain adecjuately all the phenomena of 
polarisation. 

But the corpuscular hypothesis was not yet dead. For 
example, when the rich colours produced by polarised light 
were discovered by Arago in 1811, “partisans of the two 
rival optical theories hastened to find explanations of this 
phenomenon. . . . On the undulatory theory explanations 
were given first by Young, then more fully by Arago and 
Fresnel. On the corpuscular theory, the facts were ac- 
counted for by Biot in a complicated research of great 
mathematical elegance.”^ Moreover Brewster, who did 
much to further the study of polarisation in crystals, 
asserted that “his chief objection to the undulatory 
theory of light was thsit he could not think the Creator 

* Cajori, op, cit., p. Ii6. 


* Ihid,, p. 147, 
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guilty of 80 clumsy a contrivance as the filling of space 
with ether in order to produce light.” ' 

The claims of the rival hypotheses as alteniative ex- 
planations were not decided until 1850. “Newton had 
deduced the laws of refraction from his corpuscular theory 
of light by assuming that the luminiferous particles 
travelled faster in a denser medium. . . . The wave 
theory reverses this. It also explains the phenomenon 
of refraction as depending on the different velocities in 
the two media ; but it requires that the velocity should 
be less in the denser medium.”® Foucault devised an 
appanitus by means of which the velocity of light in air 
and in water was directly measured. He found that the 
‘velocity was greater in air than in water. But water is 
the denser medium, and on the corpuscular hypothesis 
light should travel fast^er through it. The expt'rimeiit, 
therefore, delinitely disproved that hypothesis.® 

Since then the wave theory has been regarded as estab- 
lished. But it must be noted that Foucault’s exj.xn*iinent 
does not prove it : it only disproves the rival hypothesis, 
and shows that the wave theory, if true, accounts for the 
empirical law of refraction. To establish the wave theory 
Iwyond cavil it would Ins necessary to show that no other 
hypothesis explains the facts ; though none other has l)een 
suggested, it woidd not be safe to say that no other is 
possible. However, the probability of the truth of the 
wave theory is very great owing to the wide range of 
empirical laws which can lie deduced as coiise<^ueiice8 from 
it. The greatest problem which the theory raises is the 
nature of the ether which it postulates. To form an ade- 
quate conception of a medium filling all space, with some 
of the properties of a solid and yet not perceptible to the 
senses, is a task which waits for its fulfilment in the future. 


^ Tyndall, Sir LeHurejf on Lights p. 49, ciL Cajori, op, dt.^ p. 

- Eggar, Ware Afotion, Sound, Light, p. 530. 

‘ Ct. also pp. 351-352. 



CHAPTER XXXTI. 

QUANTITATIVE DETERMINATION. 

1. Measnrement. — We have cont*i<lered in the pre- 
ceding cluipters how the existence of a iiecM^ssary relation 
between plienomeiia can he establislied. But all j>erceptible 
facts are measurable, and, consetpiently, a relation l)etwe<^i 
tliein is stated with jxu'bH't definiUniess and exiK*.inesB only 
wlien it is expressed in quant itativo form. We must not 
only he able to say generally that Tf S is A it is X* but that 
for every definite value of thore is a corresponding 
definite value jr, of Thus, as Mach says, “The laws 
of nature are equations betwcien the measurable elements 
of phenomena.”* 

No doubt the attainment of precise mathematical state- 
ment of law is only possible in the most advanced branches 
of science. Every branch of knowloJgo is at first merely 
qualitative, or at best very roughly quantitative. The 
ancient Chaldean astronomers, for exainj^le, were satisfied 
to record an eclipse to the nearest hour, but now tlie time 
is fixed to a very small fraction of a second. As tlie j)Ower 
of exact measurement is increased, science advances ; and 
thus thQ invention of a new and more exact insfrument of 
me.asuremeut has, as Jevoiis remarks, “ usually marked, if 
it lias not made, an epoch” in the branch of science to 
which it is applicjable. This dependence of the advanc/e of 
science on progress in the power of measurement is forcibly 
illustrated b} De Morgan. “ Had it not been,” he remarks, 
** for the simple contrivance of the balance, which we are 
well assured (how, it matters not here), enables us to 
poise ejual weights against one another, that is, to detect 

* Science of Mechanics, p. 502. 
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equality and inequality, and thence to ascertain how many., 
times the groat43r contains the less, we might not to this 
day liave had miicli clearer ideas on the subject of weight, 
as a magnitude, than wo have on those of talent, prudence, 
or self-denial, looked at in the same light.” ^ Indeed, as 
scientific thought, is exact thought, physical science can- 
not stricily be said to exist except in a quantitative form. 
“Numerical precision ... is the very soul of science; and 
its attainimmt affords the only criterion, or at least the 
best, of tlie truth of theories, and the correctness of ex- 
p<»rinicnts. . . . Indeed, it is a character of all the higher 
laws of nature to assume the form of precise quantitative 
atabuneiit.” - 

The laws of nature are, however, expressions of the 
relations between phenomena. Now, every concrete fact 
is complex; that is to say, it is due to the co-operation of 
several conditions, it is the embodiment of a plurality of 
relations. Its whole nature, thei-efore, can never lie ex- 
pressed by one law. for each law is the statement of only 
one of these relations. Hence, each law is higiily abstiuct, 
and is hypothetical in essence, even when expressed in a 
categorical form, as it states not what does happen, but 
what would and must happen under certain delined con- 
ditions. Hut it is frequently impossible to secure these 
conditions unmixed with other and interfering conditions. 
For the relations which meet in a concrete fact are not 
independent, and they frequently modify or counteract 
each other. Thus, it liappeus, that many quantitative 
laws — as, e.g. the law of inertia — are never exactly realised 
in fact. Such a law obviously cannot bo simply* read off 
from the facts which more or less fail to fulfil it. It is a 
hypothesis of the quantitative relation which would hold 
did it exist alone, and its truth is established indirectly by 
showing Ibat the actual deviations from it can themselves 
be calculated as the effect of the interference of other 
conditions. 

This becomes more evident, however, when we remember 

( 

' Fonnal Logic, p. 175. 

* Hersohel, Di^^ouree on Natural Philosophy, §§ 115*6. 
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that fcujts are known to ur only as they ard observed by us, 
and that all observation is Jeteriniued not only by the fact 
but by tlie t)bservcr. All observation, whether made with 
or without iustruiuents, rests at bottom upon the accurate 
interpretation of Reuse impn^ssioiis ; for iuKtr\iinents and 
other artificial means of improving observation can do 
nothing* but brinj; the observed object, by breaking it up, 
magnifying it, and so on, ^^i^llia that range of moderate 
quantities which can be gaugcnl by our senses. But how 
erroneous our inUTprotiitioii of seiists impressions may be 
is evident to anyone who considers, for instance, how 
much larger the moon appears to us when it is just above 
the horizon than when it is in its zenith, or again how thes 
shape or size of the same object seems to vary with its 
distance from, and relative position to, the observer. 

It is true we never attempt to estimate absolute, but 
only i-elative, magnitude; in other words, all measurement 
is coiupanson with a standard unit. What character of 
unit should bo eiJiploye<l for tlie measuremeiit of any kind 
of quantity is a matter of the greatest practiwil impor- 
tance, but it is one which cM)neenis the particular branches 
of knowledge, not general logical theory. The recognition 
of this comparative character of niensiireinent, however, 
makes clear that its accuracy is relative to our power to 
distinguish diffei’ences by our senses. And this power is 
limited, even with the most delie^ite instruments. “ Few 
measurements of any kind,” says Jevoiis, “ are exact to 
more than six significant figures, but it is seldom tliat such 
accuracy can be hoped for.” ' When, then, it is said that 
two magnitudes are equal, all that is meant is Uiat our 
most exact instruments fail to make apparent any differ- 
ence between them; but it does not follow that with more 
delicate instruments some difference would not apj>ear. 
Thus a rough balance would indicate equality between two 
weights which a more delicate instrument would show to 
differ. A medical prescription could not be satisfactorily 
made up with a pair of grocer’s scales. 

Furthq^, the actual correctness of measurements even 


1. L, 
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28 



4:|t QUANTITATIVE DETHjRfttlNATION. [cH, 32 

within thirt limit of possible accuracy cannot be assumed. 
This is evi<k*nt from the fact that two careful mea- 
sureiiK'iits of the sanies maj^nitude never exactly agree, 
and, therefore, one or both are erroneous. Indeed, “ we 
iriiiy,” as Jevons says, “ look upon the existence of error 
in all measurements as the normal state of things.”* 
Now ‘(Tror’ means a discrepancy bet ween the magnitude 
given by actual measurement, and that estimated as the 
a}>pllcation of tln^ law to this particular case. It might 
seem, at first sight, that the law was, therefore, shown to 
need modification and restatement. But this is not neces- 
sarily the case. Jf, as the ex[>(‘riment is re[)eatinl more 
ttiid mon^ carefully, the results approximate more and 
mure to the law, then the. law is confirmed: exact coinci- 
<leucc must never be expected. For instance, a student 
“learns that tw<» pints of st/cam at a temperature of 150'^ 
Centigrade will always make two pints of hydrogen and 
one pint of oxygen at the same t^emperature, all of them 
being ]>ressed as much as the atmosphere is pressed. If 
he makes the experiment and gets rather moi*e or less than 
a pint of oxygen, is the law disproved ? No ; the steam 
Avas impure, or there w^as some mistake. Myriads of 
analyses atU'st the law of combining volumes j the more 
carefully tln^y are made, the more nearly they coincide 
with it.” Or again, “The place of a planet at a given 
time is calculated by the law" of gravitation ; if it is half a 
second wrong, the fault is in the instrument, the observer, 
the clock, or the law ; now, the more observations are 
made, the more of this fault is brought home to the instru- 
ment, the observer, and the clock.”- 

It thus follows that our laws are more exact than our 
observations and experiments can ever be, and that, con- 
sequently, they cannot be derix^ed from mere comparison 
of the Insult'S of these observations, but are hypotheses 
which are more or less exactly verified by those experi- 
ments. Indecnl, even were our measurements exact, yet 
they are only of isolated quantities, wdiile the law gives 
the general formula of relation which claims to be applic- 

* Op, ciL, p. 357. * Cliffuid, Ltd ares and Essays, pp. 91-92. 
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able to all other de^^rees of inaj^nitude of the same pheno- 
menon. The law is thus seen to l)e a result of the synMie- 
sisiri^ activity of mind, an ju'livity wliich loads us to tliiak 
of all nature as constituted by universal and definite laws. 

As, then, every nieasuremont is m(»re or less inaccurate, 
the question next arises as to whether, and how far, such 
error cfin be e\[)lainod. In some cases it can ; allowance 
may be made for tlie influence of modifying conditions 
when they are known to exist; c.^. for friction in any 
experiment dealiiio witli the law of inertia; for temjjera- 
ture in exjxniments with the j>endulum, or in measurinj^ 
with mchil rods. In other cases, there is a known and 
constant source of error in the instrument hy means of» 
which the observation is made — ejj. a clock may lie known 
to he a second too fast or too slow. A^^ain, there is with 
all obs(‘rvers a ‘ personal et] nation ’ which is pnudically 
constant, as it is always in the same direction and of the 
same avera<^e auioiint; that is, one observer will always 
note the time of an observation a little oiirJier than 
another. I'hus, the ditYereuco between the judgment 
of obs(*rver8 at the Greeuwicli Observatory usually varies 
from to of a second, and remains pretty constant 
for the same observers.”^ The averaj^e amount of this 
personal error may then l)e calculated and allowed for. 

But tluwe are other errors which c^innot bo explained. 
They are due to causes which are unknown, or whose 
iiifiueuce is so inconsistent that it cannot l>e calculate<l. 
They may result from the operation of some law' not 
known to the observer, or the imperfection of man's 
powers of observation and of his instruments. On this 
we will quote an excellent passage from I)e Morgan's 
Essay on Prohahiliiy : “To note a measurable pheuo^ 
meiion without any error at all, would require sight and 
touch by which every luaguitude, however small, could be 
perceived and correctly estimated. Such senses belong to 
no one, and the degree of approach towards perfection not 
only varies with the observer, but is different at different 
times with the same observer. Many errors to which 


^ Jevons, op, cU,, pp. 347-348. 
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inBtriimentH are Bubjeet ouj^hi in sirictneBs to be classed 
under the first head ; if, for iiit»1aiice, au astronouiical 
circle gradually change its form, or iiiidergu daily expan* 
sion and contract ion by variations of temperature, the 
diversity of results which such a piece of brass will show 
are certainly snbjtict to laws, and might be predicted, if 
we possessed sutlicient knowledge of the coiistitiitiou of 
the metal, and the laws wdiich regulate the effect of pres- 
sure, temperature, moisture, etc., upon it. But so long as 
such laws are unknown, and the variations do not follow 
any distinguishable rule, tbeir etfect upon general results 
differs in nothing percentible from that of the observer’s 
•own errors, with which they are mixed up in the j)articular 
results of obsmwation.” ‘ When, therefore, allowance has 
Ixjen ma<le for all known sources of error, there yet remain 
discref>au< ies whose causes, character, and magnitude are 
unknown. We must, then, consider briefly how the scien- 
tific enquirer seeks to eliminate such chance errors. 

2. Methods of determining Magnitude. —As different 
measurements of the same phenomenon vai*y, the ascer- 
tainment of the true magnitude is an inductive problem 
which can only bo solved with a high degrt^e of probable 
approximation. We liave to decide what assumption as 
to the true miignitudo will lead with the greatest pro- 
bability to the values ju!tually c»btained, on certain hypo- 
theses as to the chanicter aud mode of action of the 
unknown coinlitions to which the errors are clue. We 
liavo the jiermaneiit cause which yields the true magnitude, 
and in addition an iucletinite uuiuIhu* of interfering con- 
ditions, inoiv or less insignific«ant in amount, of whose 
.^number aud influence w^e ignorant. The (juestion is — 
What assumptions ai^ w’e justified in making with regard 
to thea^ conditions ; ami, as a conscM|uence of those assump- 
tions, what practical methods are o^ien to us of correcting 
our observations of magnitude ? 

(i) The Method of Means. — When we have diffei^ut 
it?8ults from several measurements of the sanie pheno- 


* Pp. 130 -131. 
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menon, we know that all but one must be» and all may l)e, 
erroneous. As the mini her of measurements is increased, 
the probability of any particular one being exactly right 
gets less and less, and may, therefore, in our discussion, 
be loft out of account. If then we have two diffoiviit 
measurements, four alternatives are o])eu to us — either 
both are too large, or both are too small, or either one is 
too large and the other one too small. If we are really 
entirely ignorant of any conditions likely to influence the 
result one way or the other, these alternatives are (M^uallv 
probable. If, however, the measurements are made witli 
different instruments which have not the same dogreii <if 
precision, or if one is made by a method more likely to 
yield accurate results than that used in the other case, wtf 
should prefer the measurement made under the con- 
ditions most likely to yield an a<iCiirato result. “Any 
method of measurement which we know to avoid a source 
of error is far to preferred to others which trust to 
probabilities for the elimination of the error. As Flani^ 
steed says : ‘ One good instrument is of as much worth 
as a humired indifferent ones.’ But no methods or in- 
struments give invariable and absolutely truthful results, 
thougli in all 8(;ieiitific work the methods are so well 
considered and so carefully employed, and th(i instruments 
are so delicate and precimj, that we may regard the occur- 
rence of any considerable error as a practical impossibility, 
and may fissume that the larger a possible error is, the less 
is its chance of o(x;urrence. 

If, then, we assume that the two ineasiirements, A 
were madfS by methods and with instruments equally likely 
to give an ac curate re.sult, and if we are absolutely ignorant 
of anv ground forjircferring onemeir.sureinent to the other 
—that is, for expecting one kind of error juther than 
another — we are justified m assuming that in eac/i measure- 
ment it is equally probable that the result obtained is too 
large or* too small. From this it follows that the proba- 
bility either that both measurements are too large or that 
both are^too small is 1/4, while the probability that one 

* Jevons, PrincipIeM of Sciejuit, p. 391. 
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is too large and one too small is 1/2. Thus the true 
magnitude most probably lies within the limits of >1 
and 

The same result is obtained from the hypothesis that 
small errors are more probable than large, for it would 
follow from this that the most probable magnitude is that 
which gives the least sum of errors. Hut if the true 
magnitude is between A and B the sum of the errors is 
A — Bt while if it exceeds A, or is less than fl,by n, the 
sum of the errors of the two measiinnnents in A — B 2n. 
As the iiuml)er of measurements is incr(*,ased, the proba- 
bility that the true magnitude lies within the extremes 
rapidly increases. For example, if we have six measure- 
liients, the probability eitht^r tJiat all of them are too large 
or that all of them are t<x) small may l)e calculated by the 
mathematical theory of probability to be only 1/64, while 
the probability that the true magnitude lies between the 
extreme ineasureinents is 62/64. 'J'he odds are, therefore, 
81 to I in favour of that hypothesis. 

The (piestion now arises as to whof intermediate value is 
the most probable. The mathoniaticuil assumption is that 
the numl)er of causes of error is iiidefmitely large, while 
the influence of each is iadetinitely small, and that eiudi is 
equally likely to lx? operative in incivasing or in decreasing 
the lYsult. Under these conditions, the arithmetical mean 
— i.e. (a + 6 4* .... «)/« —of a numl)er of measurements 
of the same phenomenon is most probably the true magni- 
tude ; for the errors so caused wdll balance each other, the 
sum of the positive and that of the negative deviations 
being equal. 

When, however, as happens in a few cases, some con- 
dition is known to be operative which varies as the square 
of the distance, the gi^ometrical mean — i.e. V ah — gives the 
more accurate result. For example, if the true weight of 
an object is sought by weighing it successively in the two 
scales of an imperfect balance, as gnivity is an operative 
condition, tlie true result will be the geometrical mean of 
the result, though as, in small numbers, this diners but 
little from the arithmetical mean, the latter is generally 
taken as more easily calculated. 
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The aritlimetical mean of the actual results of measure- 
ments is, then, tlje true inaufnitufle -or the most probable 
approximation to that magnifu«le — in <he great majority 
of cfiSGs when we are dealing with a single plienomenon. 
The errors in such ineasiiremeuts ai’e related to eatdi other 
as simply more or less in one fixed direction, and may be 
graphically represeiit(‘d by sotting off on a straight line, on 
the two sides of a zero ])oint wliicli indicates the true 
magnitude— that is, no error— divisions which are pro- 
portional resjHH‘tively to the ]>osilive and negative errors 
involved in the actual nieasurenients. 

(ii) Method of Least Squares - Ibit when wo are 
dealing with compound inagnitndeH, in whi(‘li two or more 
quantities are dependent on e?u*h other, the method ot 
taking the arithmetical mean is no longer available. 
This case may l>e spatially repn;smited by the deviations 
from the bull’s eye of the shots on a target 'J'he devia- 
tions are in all <lirec(i(ms, Imt ea<*h ean i>o resolv''ed into 
a vertical deviation and a horizontal deviation. The gmphit* 
representation of ea(di sueh rcNolutioii is ii right-anglfMl 
triangle, in which the actual deviation is the hypotenuse; 
and the srjuare on this equals tin* sum of tln^ sijuares on 
the lines which represent its resolution into vertical and 
horizontal deviations. When the total deviations atfi 
measured, the sum of their squares -on the suj>posil.ion 
tliat the sum of the horizontal variations on the one side 
cancel those on the other, and that the vertical deviations 
neutralise each other in like manner — is easily show A by a 
geometrical construction to l>e the least possible. 

The proof of the method of least R((iiares involves an 
appeal to mathematics which w’ould be out of place Inre. 
Its principle is: That magnitude is the most probable, 
whose assumption makes the sum of the squares C‘f the 
errors of the ax;tual measurements the least possible. It 
is an extension of the method of means, in that it indicates 
the most probable mean in cases which involve a plurality 
of arithmetical means. When we are dealing wdth only 
one m^^gnitude the finding of the arithmetical mean gives 
the same result as tlie application of the method of least 
squares, of which it is but a particulai* case. And it 
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will Ix) 6(3611 that this method shows the real a^re(3ment 
of the result obtained with the assumption that, as large 
errors hyg less probable than small, that result is most 
probable which gives the least possible sum of errors. 

If we take thr(?e measurements of a single phenomenon 
and obtain thrw values, the intermediate one will always 
giv(j the l(‘ast sum of simple errors, whether it is the arith- 
metical mean or not. l<\)r if a, 6, c be the three results the 
sum of errors involved in assimiing 6 to be the true 
magnitude is supposing them to 1x3 given in descending 
magnitude Ha- n-c. But if the arithmetical 
average does not coincide with b but deviates from it by 
say /?, then the sum of errors is a-c f/?. For example, if 
l)ur iiieasurenieiits are 15, 11, 10; then assuming 11 to be 
the t TLu; magnitude, the sum of errors is 4 -p 1 = 5 ; while 
12, which is the arithmetkal mean, gives 3 + 1 = its 

the sum of (UTors. 

The same thing holds generally— the least sum of errors 
is obtained when the middle one of a series of measure- 
ments is taken as the true magnitude, if the series consists 
of an odd number of measurements ; wliile if it consists 
of an GVGii number, either of the two midtile results, or a 
result iiiterinediate Ix'tweeu them, will yield the same, and 
that the h!ast, sum of errors. But if we assume that the 
sum of the squares of the errors is to be the least })ossible, 
we find that this condit ion is fulfilled by the arithmetical 
mean alone. For example, on the supposition taken 
above, where the inoasurements were 15, 11, 10, if we 
assume 11 as the true magnitude, the sum of the squares 
of the errors is 17; but if we assume 12, the ‘arithmc^- 
ficol mean, as the true magnitude the sum of the squares 
of the errors is only 14 ; and every other supposition will 
iiecessarilv give a larger sum of squares of errors. 

The niStliod of least squares is, then, the most general 
mode of finding the true magnitude from a number of 
divergent measurements; but w-hen these measurements 
involve one inagiiitude only, the simplest mode of applying 
the method is to take the arithmetical mean. 



CHAPTER XXXril. 


Si'IENTIFIC EXPLANATION. 

1. Nature of Explanation. — Expliiiiation Ih called for 
as frequently in common life as in science. In both it 
consists essentially in showing how th(^ fact to l)e explained 
follows from some other fact or priuci])le admitled 1o Ite 
true. It has, tlien‘fore, many degrees. The extent of the 
explanation i>ffered in any given case will dei»end partly 
upon the knowledge of the individual to whom it is ad- 
dressed, and partly iipc n the progress of knowledge as a 
whole, at .any particular time. For the kind of dependence 
which will suffice to account for a fiict to one mind will l)e 
rejected as futile or inadequate hy another. The plain 
man attril)uUis a chill on the. liver to the cold winds that 
have blown, and offers as the only (‘X[*lanation within his 
reach the ohservatioii that ‘they always do affect me in 
that way.’ This is not enough for the docUir, who seeks 
for reasons why the cold should afTc‘.ct the liver at all, and 
finds them in his genenil knowledge of tlie functions of 
that organ in relation to the rest of the body and ifl the 
effect of cold upon them. His <»xplariatiou fakes a wider 
range, bpt he txjo may come to a point whcjre he is sU>p|:Hid 
by the demand for a reas«>n which has not yet Iwieii found. 
Now almost any kind of explanation may l)€i of ust^ to this 
or that individual, but logic i.s concerned only with the 
general nature of explanation, and this consists in assign- 
ing any given fact a place in the system of knowledge by 
establishing its relations with other facts within the 
system. 

We must, then, distinguish l>etween logical explanation 
and explanation which is merely popular. The latter 
]ooks at the individual mind, and seeks to bring the new 
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phenomenon into relation with somethini^ already there. 
Jn many cases such explanation will he utterly inadequate 
from tlie scientific point of view. It may be merely a 
i*ough analogy or illustration, as is constantly the case 
with the only explanations which can be j^iven to children. 
Loj^ical explanation, on the other hand, does not regard the 
individual mind as such, though, of course, it is reached 
and expressed by some individual mind. It expresses the 
exphinaf.ion in terms of the most advanced knowledge on 
the subject, and is itself, when first grasped, an addition 
to knowledge. Thus the moon’s motion is logically ex- 
plained by the theory of gravitation: it is popularly 
explained by saying tliat ‘‘she is a falling body, only she 
is going HO fast and is so far off that slie falls quite round 
to the other side of the earth, instead of hitting it; and so 
goes on for ever,”* 

Scieiititic explanation is only pt)ssible on the assumption 
that every fact is determined by certain conditions, so that 
if the conditions were otherwise the fact would l)e different. 
Explanation is the full and explicit statement of those 
conditions. Logically, the whole fact needs explanation, 
and obtains it to the extent to which its place can l>e 
assigned in a system of knowledge. Practically, wdien any 
particular point needs explanation it is one asjx'ct of the 
whole complex phenomenon. The chemist, for example, 
seeks chemical explanations: the physicist aims at deter- 
mining the physical conditions. The rest of the pheuo- 
mena are passed over as having no bearing on the purpose 
in hand. 

The problem is approached through classification*: but 
classification is not explanation though it may l)e nearly 
related to it. Suppose that the attempt to classify on the 
principle of modification through descent has been success- 
ful, we Have still to ask why the course of descent lias been 
of one kind rather than of another. There must be some 
ground for the development of diverse species from one 
genus. Classification reveals the fact by carefully noting 
important resemblances and differences, and then leaves it. 

^ Clifford, Lectures md Lssays^ p. 102. ^ Of. pp. 81-83; 86-89, 
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But the very resemblances and differences revealed may 
suggest the directions in whicli the i*easons for tliem should 
be sought. Resemblance “presumes identity of causa- 
tion and difference demands explanation. Thus there is 
an important distinction l)etween classification and expla- 
nation liowever closely they may be related. “ In classi- 
fying we describe what is ; in explaining, what must be» 
and why it must be.”^ 

lndee<l, ii(*ceKj>ary relation is the keynote of explanation. 
It is never thoroughly made unless the fact-s to be explained 
are proved to be ab.'<olutely dependent on certain definite 
conditions. The- form in which such dependence is ideally 
l)est expressed i.s that of the reciprocal hypothetical pro- 
positions — If S is M it is P\ If S is P it is U, These it Is 
the business of induction to establish, so that the ideal of 
explanation is the same as that of induction. 

Indexed all induction is progressive explanation. It may 
be incomplete, as when we resort to analogy or a hypo- 
thesis as yet uiiconfirmed, or rest content with a simple 
causal connexion. Nevertheless in eacjh case we have a 
partial t^xplanatiou, through which alone science can ad- 
vance to more perfect knowledge. But not every expla- 
nation is inductive in form. When the relations to which 
we aj)peal as the necessary conditions of the phenomenon 
to be explained are axiomatic, or have already l^een estab- 
lished as true, we may often show deductively the depend- 
ence of the one on the other. This is so in mathematics 
and in sciences, such as astronomy, which are largely 
mathematical. Moreover, the statement of an explanation 
arrived ^t inductively may l>e expressed in deductive form. 
With these distinctions we are already familiar. 

But whether the [)rinciples on which scientific explana- 
tion rests are already established or not is logically imma- 
terial. They may l)ecome known in the very process of 
explanation. This is exemplified again and again in induc- 
tion. The wave theory of light began os an unproved 
assumption. By means of it the particular phenomena of 
light 'fere explained, and in the explanation was found 


* Hobhouse, Theory of Knowledge^ p. 473. * Ibid* 
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the proof of the tiMitli of the theory. Here is a further 
difEerenoe from popular explauatioii. “ Notliing is popu- 
larly accepted as au explanation in the way of analysis or 
interposition, unless tlie laws thus intnxhiced are already 
known and aciceptod. 'J1ie scientific niiin, however, does 
not inuch cani whether these laws are already known or 
not: if thcjy are, so much llui better: if not, they must 
l)ecoine known. Kor speculative purposes they equally in 
either (‘ase lielp him on towards that simplification of 
nature and reduction of all tilings to the fewest generalisa- 
tions, which is his one great aim.”* 

2. Cfreneralisation.- A ll explauat ion involves generalisa- 
tion : it HoidvS to detect the uiuv(M*sal in the particular. 
Th(^ piirticular m ly be a pitrticular fiu*t or an einpiric:il 
law. A particular fact can b(» shown to be dependent on 
some other facts. aii<l by the direct methods of induction 
it is often possible to est>ablish the mode of dej>endeiicc3 
and to exprf^ss it in an empirical law. So far tliere is 
partial ex jilauat ion. Hut au cMupiriijal law only de8cril)es 
the phenoincnon, and is itself in need of explanation. 
Now an empirical law is already a generalisation, and any 
furtlier explanation must be sought in the establishment, 
by the indirect methods of induction, of its coniiexiou with 
other laws of wider generality. 

Thus the explanation of an empirical law frequently 
consists in the proof of one of those far-reax^hiug state- 
nient.8 of necessary relation, such as the law of gravitation, 
the principle of tlic conservation of energy, or the atomic 
theory of matter, by wliich the systematic unity* of the 
world is constituted. To explain, in short, in the fullest 
s(niso of the word is to think the matter explained as part 
of a system.* 

WhetliSr we are explaining a particular fact or an em- 
pirical law there is no real difference in aim. In each case 
we endeavour iAj assign tJie essential and invariable con- 
ditions which account for the fact or law in question. 
Wiieu this has l>een accomplished we have passed Jxjyond 

* Venn, Jimpit-icai Logic, p, 509, - CL Ch. L, § 1. 
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the particular j for in stating the essential conditions we 
imply tliat wherever they are fulfilled the fact or law will 
be exemplified, though no particular instance is indicated. 
The fa(^t or law has been generalised. 

Greneralisation, then, consists in the establishment of 
identity (►£ conditions. The phenomena generali.sed will 
exhibit dilfemices which may l)e great or small, but they 
must exactly similar in other res]>ccl8 if they are to 
rank as instances of the same thing. But there may be 
similarity which is of no imporlance for scientific ex- 
planalion, as when two things diverse in other respects 
resemble each other in (‘olour.’ Resemblances and con- 
ditions are terms ot‘ different import. The former may gr 
may not serve as a basis for .scientific generalisation: it 
depends on whether they do, or do not, stand in a nec>essary 
relation to the plienoinena compare<l. If they do, then the 
resemhlances are also conditions, and it is on a precise 
similarity between them tliat generalisation is based. 

Sucli generalisation is not an inference from number of 
instances as such. “There is all the difference in the 
world between the judgment, ‘An indefinibi number of 
c^ses of ^ ^ exist ’ and ‘The relation >1 — S is universal.* 

Ill tlie first (;ase, we may also have ^ — C, ^ — D, A — ^ 
In the second, we may have none of those, hut always 
A -- B, and nothing but A — fl.” “ The more repetition of 
instances does not justify the passage from * many ’ to 
‘ all.’ The transition can never be imule with certainty : 
thQ conclusion always remains one (»f greater oy less 
probahility. But as soon as the instances are analysed 
and th^ essential conditions a8c^‘rtaiijed, the gfMieralisation 
that these conditions universally deterinine the result is 
made, and is expressed in the hypotheticial judgment, 1/ S 
is M it is P Subse(pient confirmatory ex^xirience may 
strengthen our lielief that the analysis has Ijeen correctly 
made, but it does not add to the necessary conditions 
known. Indeed knowledge of them may, in very favour- 
able cases, l>e attained by the careful examination of a 
single instance, though as a rule a plurality of instances 

‘ C£.^low, pp. 446 447. ^ Hobhouse, Theory of Kfvowledgtt p. 241. 
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facilitates the difficult task of aiuilyf^is, not in virtue of 
the plurality, but by aiding the effectual isolation of the 
conditions sought. The validity of the generalisation 
rests, then, not on tlie number of instances examined, but 
upon the fundamental postulate of knowledge that every 
element of reality is definitely determined, and that always 
in the same way, so that the relation between a phenomenon 
and its conditions cannot vary. Without this assumption 
generalisation would l)e unjustified. 

Tn all valid generalisation, then, we attempt to set forth 
a necessury relation between a phenonieimn and its con- 
ditions; and by necessary we simply mean that given the 
cojpdilions the phenomenon will exist whatever the cir- 
cumshiiK'es may bo. ]hit this is a purely abstract state- 
ment. We <l(*sire to know, not only tluit under ccu tain 
conditions a given result will follow, but whether in fact 
those ctmdilions are exemplificMl in reality. It is not 
enough to know that If S is M it is P ; for the advance of 
real knowledge we must ascertain ivhen S is M. 

In both these steps of generalisation tlierc is room for 
<»rror. In the former error may exist in that S is M may 
be an imperfect staUunent of the essential conditions of P. 
Either some elements may be omitted or other elements 
than the essential conditions may bo introduced. The 
conditions ai*e obscured by surrounding circumstances, 
and it is on their exact determination that the justification 
of the genenilisation rests. Hence it is not sufiicient that 
5 is M should contain the ground of P: for extraneous 
elements may also be present. The circumstances must 
be analysed, and all that is unessential eliminated until we 
can assert that S being M is the ground of P. We have 
alrt'ady examined the inductive methods by which such an 
elimination is effwted. 

In the fatter step of the generalisation there is also 
room for error. The point here is whether the essential 
conditions in this new case are exactly those expressed by 
S is We are apt to be misled by outward reseinblimce. 
No doubt phenomena which are determined by th% same 
essential conditions do frequently resemble one another in 
au external way. But however strong the outward resem- 
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blance may be, in scientific thought we can never trust to 
it. A reliance on resemblance, for example, would class 
the sea-anemones in the vegetable rtither than in the 
aninuil kingdom, and indeed for many years biology con- 
tained several instances of such false generalisation.' On 
the other hand, the outward resemblance may be of the 
slightest, and yet the essential conditions lie identical. 
“ Between the brilliant explosive discharge of a thunder- 
cloud and the gentle continuous current produc/cd by two 
pieces of metal and some dilute acid there is no apparent 
analogy whatever. It was therefore a work of great im- 
portance wlien Faraday demonstrated the identity of the 
forces in action.”* Obviously the determination of identity 
of conditions depends on insight in the particular brauen 
of science coucerue<l ; it is not a part of logical theory but 
of experimental pmctice. 

The aim of science is to reach a full knowledge of essen- 
tial conditions. But this aim is only being progressively 
realised. The gonenil process by wliich trutli is attained 
through induction reveals a more exivct determination of 
conditions from simple cnuiueration of inshinces oji the 
ground of a general resemblance, throiigh analogy, to com- 
plete scientific induction, and at all stages the hypothesis 
is a tentative generalisation. Enumerative induction sug- 
gests an empirical generalisation that Every S may be P. 
But that the resemblance on which it is grounded is felt 
to be due to an underlying identity is shown by the 
attempt made in analogy to reach this identity, and tp find 
a possible ground for the empirical generalisation. The 
further anductive process is but the testing, moulding, 
and limiting of this suggested ground until the ideal is 
reached of a statement of conditions so exact that for every 
variation in the phenomenon an explanation can be found 
in a modification of the conditions. 

Now it is not always possible to complete the process by 
reaching a full statement of the essential conditions. If 
we aie confined, for example, to the direct methods alone 
we hav^ to stop short at empirical generalisations : and in 

^ Cf. p. 360. * Jevons, Principles of Science^ p. 612: 
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iiianj sciences tliis is as far as explanation has yet gone in 
regard to the bulk of the phenomena which they inves- 
tigate. Even tlieii an empirical generalisation is only 
regarded as a step towards some ultimate principle from 
which it may be derived. Astronomy has found a prin- 
ciple which apfKjars at present to bo ultimate in the law of 
gravitation, tliougli there are iiidi<Mtions that it may be 
derived in the. future from a yet wider generalisation: 
medicine is still largely empiri(*al. Tin*, characteristic of 
an em[»irical generalisation is that it describes exactly 
what has to 1x3 explained by foi*mulatuig thc3 law of its 
oocurrein‘e. Tliis is itself a partial explanation of it, but 
for scientific explanation we jnust know why that law and 
no otlier gives an exact description of the phenomena. 
Tl)o answer, if found, will be a wider generalisation giving 
the conditions which strictly determine the empirical 
general isai ion, and hence the particular facts on which it 
is based. We have, then, two dc^grees of generalisation, 
(i) empirical generalisations, (ii) established truths. The 
latter alone fiiltils the logical ideal. 

(i) Ztxnpirical Generalisations. — An empirical gene- 
ralisation is one which is descriptive*, and not in any real 
sense explanatory. It is itself in need of explanation. For 
example, tiike the generalisation that the pe'brine disease 
in silkworms is due to the presence t>f certain corpuscles 
at various stages of the silkworms’ growth. This answers 
the question to wljat is the disease due, and sufhees for 
the devising of practical measures to prevent it. But it 
throws no light on the problem why corpuscles of that 
particular kind should be associated with the ap()earauce 
of a special disease. It has been retiched by observation 
and experimental investigation, and is a succ:inct descrip- 
tion of tlie essential fact in relation to the mode in which 
the disea.se is caused. Nevertheless it stands in relative 
isolation from other kuowdedge. It is not seen to be 
derived from some more general principle of disease: in 
other words, it is unexplained. 

Empirical generalisations result from observation and 
experiment. They arise, therefore, in the earlier stages 
of scientific enquiry and furnish the mateiial for wider 
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theories. When they are seen to be derived from prin- 
ciples of greater generality they are no longer merely 
empirical. Hence it will often liappen that a generali- 
Kation which was at first empirical will cease to be so 
classed. Thus Galileo determined the law of falling bodies 
empirically, and it remained an empirical generalisation 
until Newton sliowed the leason for it as a necessary 
coiisequeiice of the principle of gravitation. While a 
generalisation remains empirical its grounds are wholly 
or partially unknown. 

Conteiiiponirv knowlevlge furnislies numerous examples 
of such unexplained uniformities, but explanation is always 
regarded as ultimately attainable. This l>clief is based 
wpoii a realisation of the ne(*es8ary unity of nature. For' 
where there is observed uniformity of occurrence there is 
always a pre.Muiuption that the conditions determining the 
phenomenon are constant, and we may expect in lime to 
discover what tliey are, so tJiat the uniformity ceases to be 
isolated from the. rest of knowledge. That there must be, 
(lefiuite determining conditions is the basis of all expecta- 
tion of the reH'iiiTence oi an event when the tletermining 
conditions ar<? unknown, and this expectation rationally 
incimses with the extension of uncontradicted experience 
of the event. In other words, the oftener an empirical 
generalisation is exemplified, the greater is the probability 
that there is a necessary and universal relation uiuler- 
Jying it. 

But while the generalisation remains empirical, it iqust 
never be assumed to be universally and necessarily true. 
Its stateuient can never be more than categorical ; wo can 
at most say Every S is P, not 1/ S is M it is R. Hence tlie 
logical rule that empirical generalisation can only be safely 
extended to adjacent cases. If we pass to cases which vary 
widely from those observed, or exceed the limits of time 
and space within which the observation has been made, we 
lessen considerably our assurance that the unknown condi- 
tions remain the same. It is an empirical generalisation 
that the expectation of life in certain dangerous trades is 
small : it^would not do to apply the same generalisation to 
healthier occupations. Nor should we be justified in 
I. L. 29 
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extending generalisations, for example, as to the food and 
clothing of northern peoples to natives of the tropica* To 
provide flannel waistcoats for them shows more charity 
than knowledge. Indeed, the wider the scope over which 
we try to extend an empirical generalisation the less is our 
confidence! that it will hold true, for the less ground have 
we for assuming that the essential determining conditions 
will remain unchanged. 

An iuteresting class of empirical generalisations is com- 
posed of what are often called * Statistical Laws/ but which 
are l)ettcr lerined Statements of Statistical Uniformity. 
Many problems are so complex that as a preliminary to 
closer analysis it is found advantageous to procure statistics 
* of the phenoiuena under investigation. This is especially 
the case in sociological and political enquiries. VVe may 
in this way gather statistics of trade, education, population, 
and so forth. The mere counting of units would not be 
prolitabli*. In the selection of the kind of unit and the 
nature of the statistics a definite (jiiestion or series of 
questions is as a rule implied. ‘‘ It might seem tliat iu 
taking the avenige rate of mortality on the basis of the 
returns of local otticials, etc., the figures of themselves dis- 
closed the fact that the rate was higher for infants under 
two years of age than in later periods of life. But the total 
avemge of deaths would never have shown this. It is only 
because the average for infants has been separately calcu- 
lated, in the expectation that there might be a difference, 
that the difference has been found.” ^ 

Now when statistics are gathered iu this purposive way 
they often reveal uniformities which point to tl^e fact that 
there are at the back of the phenomena constant condi- 
tions which it would be well to seek. It is well known, for 
example, that the number of pereons who commit certain 
ciimed^, who are born, or who die, in the course of a year, 
bears a remarkably uniform proportion to the total niunber 
of the inhabitants of any given country \ there is, as we 
say, a pretty constant average preserved in many of the 
phenomena of social life. Again, the number of people in 

c; 

' Creighton, An Inirodnctory Logic, pp. 224-225^ 
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England and Wales who commit suicide is found to remain 
very unifonn from year to year. Moreover, the averages 
are found to vary witli great regularity according to the 
months of the year, Inung highest in June, falling regu* 
larly to December, and then gradually rising again. 
Further, the proportion who commit suicide at differejit 
ages remains fairly constant. All this indicates that social 
and material conditions have remained largely unchanged. 

It would l)e an error, however, to assume that such a 
statistical uniformity must necessarily continue. If it does 
we may conclude that the same general conditions have 
been in 0 |)eriition. But it would he^ rash to think that the 
conditions will necessarily remain unchanged in tlie future: 
and, since that is so, there is no more necessity in a statiti- 
tical nniforrnity than in any other empirical generalisation. 
Yet from the constancy of such averages an inference as 
to their necessity has sometimes been drawn. Thus Buckle 
says: “In a given state of society a certain numlx^r of 
persons (about 250 each year) must put an end to their 
own life. This is the general law, and the special question 
as to who shall commit the crime depends of course upon 
special laws : which, however, in their total action, must 
obey the large social law to which they are all subordinate. 
And the power of the larger law is so irresistible, that neither 
the love of life, nor the fear of another world can avail 
anything towards even cliecking its operation.” ‘ Such a 
conception can only Ije true if the changes in society leave 
untouched the forces aud motives which determine men to 
self-destruction. 

The Monotonous record of a statistical uniformity after 
it had once been established would serve no usciful purpose 
unless there was liability to change. It is the deviations 
from the law which bring nearer that analysis of the 
conditions which we desire. If a particular crime is 
found to be on the increase, if suicide becomes more 
common, if the birth rate shows a proportional decline, we 
at once seatch for some variation in exisMing social and 
economic conditions which may account for the diange. 


^ History of Civilieatwn, voL i., p. 25. 
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In this way we may be put on the track of a generalisation 
which will explain, and not merely register, the pheno- 
menon. For we use statistics as an aid to explanation. 
The principle which would make the facts intelligible is 
hidden from us. As soon as it is discovered our interest 
in the collection of statistics, at any rate as a method 
of gaining knowledge, vanishes. The facts counted and 
averaged are each one determined exactly, and if a uni- 
formity appears that too has its exact conditions. But 
what they are it d(K;s not tell us. The average, for 
instance, neglects all the particular characteristics of the 
individual instances, and there is no means of showing that 
it is necessary without examination of those characteristics 
^hich it discards. “ Such uniformities of uuml>er8 and 
averages are primarily mere descriptions of facts, which 
need explanation as much as the imiformity of the alter- 
nation between day and night; and the explanation can 
l)e found only where the actual conditions, the ellicient 
causes, are forthcoming. But these are the concrete con- 
ditions of the particular instances counted, they are not. 
directly causes of the numbers ; it is only the nature of 
the concrete causes which can show it to be necessary for 
the effects to appear in (certain numbers and numerical 
relations.”^ 

(ii) Established Truths. — When the conditions of an 
empirical generalisation have Ix^en exactly determined the 
generalisation is established as a necessary truth, which 
may be defined as an established general judgment. It is 
not a summary of particular judgments, for it is not arrived 
at by summarising the records of events which hq,ve been 
often observed to occur. Such a process as we have more 
than once urged can yield nothing more than a greater or 
less degree of expectation. General truths are the result 
of such a3i analysis of reality as enables us to state the rela- 
tion which holds between a phenomenon and its conditions. 
And when this relation is ascertained the principle of the 
unity of the world — without which all knowledge is impos- 
sible — compels us to think it as universally and necessity 
true. * 

* Sigwart, Logk^ Eng. Trans., vol. ii., p. 490. 
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Of course, if our analysis is inaccurate, if what we 
irssume to be the conditions of the phenomenon are not 
really its conditions, then our general propositions are not 
true. Or again, if our analysis is inadequate ; if what we 
take for the essential conditions includes other elements, 
or if we omit some essential elements of the conditions, 
then our judgment has not universal validity ; it is, we may 
say, nearly true. 

There is then room for mistake in the application to 
reality of the hypothelical judgments in which we express 
the conditions of phenomena. Every such judgment 
expresses a necessary relation between its antectident and 
its consequent. If you accept the judgment as true, you 
accept the relation as universal and necessary. But tlte 
judgment may fail to express accurately the nature of 
reality. It may err concerning the particular relation with 
which it deals, or respecting the connexion of that relation 
with tlie other parts of the system of knowledge. H ow- 
ever, in so far as t he general judgment is true it is neces- 
sarily true, for necessity consists only in the connexion of 
a consequent with its ground. Uncertainty, when it exists, 
pertains to the truth of the judgment in the form in 
which it is expressed ; that is, it attaches to the accuracy and 
adequacy of the analysis of conditions upon wliich it is 
founded. When this accuracy and adequacy are un- 
doubted there is no uncertainty. 

It is for this reason that the truths of mathematics are 
sometimes held to be of greater certainty than those of 
other sciences. The contrast between them has bt^en pointed 
by calltfig the former truths * necessary,* and the latter 
‘ contingent.* But the supposed difference does not lie in 
the natiii*e of the truths themselves : it is te be found 
rather in the greater difficulty which is experienced in 
physical and social science in determining what the con- 
ditions really are. A brief consideration of the logical 
nature of mathematics will make this clear. 

In mathematics wo can always fidfil the requirements 
of necessary truth by an exact statement of the conditions 
upon ^hich our constructions and inferences d^jiend. 
There are two broad divisions of the subject — the science 
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of niimberB, and the science of space. In the case of 
numbers the two fundamental operations are those of 
addition and subtraction. So far as the operation is 
mathematical it is independent of any objects to which the 
numbers may refer. The notion of unity is constituted 
by our own mental act, and is conceived exactly. The 
addition of units is then a matter of construction. If we 
have 4 + 5 = 9, the whole is seen to be constituted by the 
parts 4 and 5, and the nature of the parts and of the 
whole — 4 units, 5 units, 9 units — is so exactly defined that 
wherever tlie same combination of parts occurs the whole 
must necessarily follow. The result can l)e generalised at 
once because we are sure that there are no extraneous con- 
ditions which might conceivably modify it on another 
occasion. The relation falls entirely within the numl)er 
series, and that has a constant structure. All the modifi- 
cations and extensions wliich appear in the development of 
the concept of number are made under precisely defined 
conditions, and from these are derived truths which are 
necessary in that they depend upon them for their ground. 

It is so, too, in geometry. The definitions, for example, 
of geometrical figures are less determined for us tliau bv 
us. They tell us how to construct the figures in thought, 
altliuugh we may never construct them in reality. Thus 
a circle is a figure described by a point moving at a fixed 
<listaiice from another point in the same plane. This fixes 
the exact conditions upon which a circle depends, and from 
them flow all the numerous properties discovered in the 
theorems relating to that figure. Any one of these, as 
soon as it has been demonstrated, can at once be general- 
ised to tho constitution of any circle whatever, for no other 
conditions are necessary. It is true that there is also 
involved the assumption that space is uniform in its con- 
struction ^ but this again is a conception which for the 
purposes of the geometer can be exactly defined. The 
essential point is iliat in all his reasonings, whether about 
figures in space of two, or three, or even more, dimensions, 
he can state all the necessary conditions, and be sure that 
he errs neither by excess nor by defect. Indeed in«mathe- 
matical construction the ideal aimed at in experiment is 
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realised. No unknown conditions are present to introduce 
an element of unceriuntY into the conclusion. 

The superior certainty of the conclusions of mathematics 
has l>een denied on the ^ouud that its concepts and 
axioms are merely generalisations from sensuous experi- 
ence. It is said that we know that 2 2 = 4, that a triangle 

is a plane figure bounded by throe straight lines, that 
things equal to the same thing are equal to one another, 
becauw«$e we have found these relations exemplified again 
and again in experience. For example, whatever the ob- 
jects counted, w'hether plums, chairs, or people, the uni- 
form result is obtaine<l, 2 + 2 = 4: and that is tlie sale 
warrant for the generalisation. If this were true the 
necessity of iiiat)i(unatical truths could not be Tnaiutained. 
“ For you have no ground for supposing that if 2 + 2 
could sometimes make 5, cases of its occurrence would 
have occurred in your experience. Everything becomes 
problematical; tiie frequency of any particular sum of 
2 + 2 is quite^ indetenninate, if the sum is indeterminate ; 
and your experience may assure you that you have never 
found them making anything else than 4, but cannot 
assure you that you are never likely to do so. And so it 
is with geometrical principles.”* The generalisation is a 
precarious induction by simple enumeration, and cannot 
survive a contradictory instance. The criticism of Pro- 
fessor James, for instance, that two plus two does not 
always make four in sense experience, siiico two drops 
added to two drops make one drop, is a sufficient logical 
refutation of the generalisation. * 

Nor js the case improved if for simple enumeration we 
substitute the direct methods of induction. Suppose that 
we vaiT methodically all the circumstances as far as pos- 
sible and still find our geometrical or numerical relation 
constant, we shall still be left with an empirical generalisa- 
tion. The truth is that the relations dealt with in mathe- 
matics are not such generalisations from observation, but 
are constructions of thought to explain the mathematical 
aspects of experience. So mathematical concepts are ideal 


* Joseph, An /ulrodudian to p. 5101 
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constructions. The lines and figures of pui-e geometry 
have no exact counterparts in the concrete things of ex- 
perience. No line can be drawn which is perfectly straight. 
But actual lines differ from straightness in an indefinitely 
large number of ways. ‘ Straightness ’ is a mental con- 
struction which attempts to explain the differences of these 
actual lines as deviations from a norm. It is not that we 
are born with such ideas as ‘ straightness ’ ready-made, 
any more than we are born with sucli an idea as is ex- 
pressed in the law of inertia. Nor is it that we can 
abstract straightness from various forms and degrees of 
crookedness: evidently it is not there to he abstracted. 
No, ‘ straightness ’ is a hypothesis of an ideal line. Simi- 
lai'ly with the other concepts. 

It may l>e granted, then, that the truths of mathematics 
have been reached by way of sense-experience, and are 
fundamentally attempts to explain that exj>erieuce. Geo- 
melrical and numerical relations are known roughly and 
empirically l>efore they are demonstrated exactly and 
Iiypothetically. Mathematics has no mysterious origin. 
Like physics and chemistry and the other sciences it is 
an attempt to think relations in such an ideal form that 
the variations we actually experience can U* explained as 
due to interaction. If a line is not drawn perfectly straight 
it is because of deviations due to such things as roughness 
of surface. 

But the physical sciences have to deal throughout with 
complex jeality. They aim at explaining phenomena. 
When mathematics is applied to a similar pur[>ose its 
results are seen to be, like those of the other ^iences, 
approximations more or less close to what is actually 
found. But, as we saw in the last chapter, the deviation 
is interpreted as on the side of the observed phenomenon, 
not on that of the tlieorctical result. Q|i][y so, indeed, 
could the constant variations l>e explained* - ^ 

Yet even here the fundamental relations deldi with in 
mathematics are few and simple. It is this makes 

us more certain of their truth. From thesfiivfew initial 
propositions vast consequences can be drawi|’’*^led¥fctively 
—consequences which on the basis of tho^^ '^giual pre- 
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miaes are necessarily true. But like all deductive con- 
clusions they are true only in the sense in which their 
foundations are — that is, as ideal representations of certain 
relations considered apart from any emboiiiinont in actual 
things. 

In the physical sciences our results are more open to 
^juestioii just liecause they do attempt to estiiblish what 
relations actually exist. Every deviation must be ex- 
plained; every iihenoinenoii traixid to the operation of 
a complex set of conditions. In this il is evitlent. that 
it is much more difficult t^) reach certainty than when we 
are concerned with one kind of relations only. Moreover 
■our explanations themselves must show matliemat ical pre- 
cision as a condition of adequacy : for such relations are 
found 111 all observable phenomena. But there is no logi- 
cal reason why any ‘ law of nature ’ should not be estab- 
lished as certainly as a mathematical truth. The difficulty 
is entirely practical. 

Green has summed up the whole fpiestion admirably: 
“The distinction, then, of the ‘necessity ’ of mathematical 
truths from the ‘contingency ’ of truths al)out nature, if it 
is to hold at all, is not to be understood as if it were only 
in mathematics, and not in natural Sciem^e, that what is 
once true must be always true, or as if natural laws werci 
liable to change, mathemati<^al laws not. Tln^ true dis- 
tinction is between what is fully true and what is partially 
true. What is fully true once is fully true always, of a 
natural phenomenon no Jess than of a gei)inet rical %ure ; 
but any proposition about a natural phenomenon is true 
of it oijy under conditions of which we do m»t know all, 
while a proposition about a geometrical figure, if true at 
all, is true of it under conditions which we completely 
know.”' 

The true ground of the necessity of a geuenilisation 
must be in its relations to the whole system of 

knowle4g%^tailable. If the facts can l>e explained in no 
other wa^'Vmsistent with the unity of that system, the 
geneiat proj^ition must be regarded as objectively true 
* ''I 

' jf^ilosophical Worksy vol ii., pp. 249-50. 
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and logically necessary. No doubt the imperfection, of 
knowledge leaves here a possibility of error. Modifications 
of the unity of the system follow every development of 
knowledge. But there is a growing body of truth which 
remains undisturbed. It is very improbable that any new 
discovery will completely overthrow the achievements of 
any well-established science such as that of lieat or chemis- 
try, however profoundly it may alter its outlook or widen 
its scoj^e. The probability that any judgment received as 
true by experts m any branch of knowledge will ultimately 
be proved to be false decreases. Uncertainty attaches to 
the accuracy and adequacy with which our analysis in any 
case has ascertained the essential conditions, and it ia 
dhiiinished when we have assigned to the phenomenon an 
integnil place in the system of knowledge so far as it has 
bi^en already constituted. For systematisation is the last 
hU‘p in explanation. 

3. Syatematiaation. — Systematisation is then the stage 
at which laws are explaiue<l by their relations to laws of 
yet wider generality. An object or event is isolated until 
we can assign its cause in an empirical law ; an empirical 
law is isolated until we can derive it from a wider generali- 
sation. This derivation can only be accomplished by dis- 
covering between the two generalisations some element of 
identity wliich is seen to condition the laws of less gene- 
rality. By detecting this element in a number of empirical 
laws it is often possible to show^ that all of them are 
dependent on one principle. This is the most important 
manner in which systems of knowledge are developed. 
The empirical laws are said to be Bubaumed under the 
principle from which they are derived. Thus the laws 
of falling bodies and of the movements of the tides are 
special cases of the law of gravitation. 

The wider the scope of such a principle, the more satis- 
factory is the explanation. When the wave-theory of light 
is found to account for reflection, refraction, interference, 
and other phenomena of light which differ widely in the 
effects they produce, it has strong claims to aci^ptonoe, 
even though it cannot be shown that no other theory 
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would ctplain them as well. Indeed, it has become almost 
fui axiom of explanation that the fewer and simpler the 
fundamental laws which form as it were the pivots of the 
system of knowledge, the better. The few theories that 
occupy tills position, such as the theory of gravitation, the 
principle of evolution, the atomic theory, and the wave- 
theory of light cover between them a wide range of natural 
phenomena, and men do not despair of showing that heat, 
light, electricity, gravitation, are modes of one and the 
same force. The postulate of unity compels us to seek a 
single system of knowledge in which the complex is 
resolved into the simple, and tlie main theories are few 
and comprehensive. 

Other modes of systematisation that have been distini 
guished are subordinate to that of subsumption. We 
may, for example, explain a particular phenomenon of 
which we have found the empirical law as the resultant of 
two or more independent causes acting simultaneously, as 
when the rise of a balloon is explained by the laws of fluid 
pressure and of gravitation ; * or we may trace the laws 
of causes acting successively and show how a series of 
events arise out of one another. The latter type of ex- 
planation will be frequent when we are determining the 
course of historical development. But in neither case 
need we be fulfilling the ideal of explanation, thqiigh we 
are making our knowledge more systematic. The laws 
by which an empirical law is explained may themselves be 
derivative, and to trace a historical sequence and to reveal 
it as causal is only a part of explanation. Aspects of the 
sequence; ar<=^ compared, and historical knowledge becomes 
more systematic as these aspects are embodied in wider 
genoralisations. 

To systematise knowledge is to make a distinct advance. 
Empincal laws which separately rest on evidence that is 
not conclusive are strengthened by forming an indispens- 
able link in a system. Results obtained in one branch of 
science often corroborate, or throw strong light on, similar 
conclusions in another. The independent evidence on 


* Cf. Venn, Empirical LogiCt p. 505, 
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>vhich tbf^y are based gives them mutual strength. All 
laws cannot at present l^e shown to l>e derivative from 
established principles, and while our knowledge of the 
systom is imperfect it is a gain to discover that laws which 
have not yet bt^en derived from a common principle, not 
only do not conflict with one another but afford positive 
support to their respt^ciive conclusions.^ The distinction 
l)etween the ideal and the actiial system of knowledge is 
well expressed by Mr. Ifobhouse. After summing up the 
essentials of inductive process, he wriU« ; “The resulting 
system, worke<l out ideally for all experience, and with all 
its points of interconnexion clear and certain would he the 
ideal knowledge ; worked out clearly and definitely in this 
(ft* that botly of truth (siudi, perhaps, as mathiunatics and 
physics), less coherently and detinitely in others (such, 
|)erhaps, as physiology), and strongly hut indistinctly felt 
rather than pointed out in the great bulk of our ‘ common- 
sense,’ every-day beliefs, it constitutes the knowledge 
which wo actually possess.”^ 

The theoretical limit of explanation is a complete and 
exhaustive knowledge of the system of the universe itself. 
We are bound to assume that ideally everything within 
the system admits of explanation, since with full know- 
ledge wo should see it in its proper connexions in the 
system both with all other of its elements and with the 
whole, and that is all that explanation implies. Of the 
whole system there can l)e for us no explanation outside 
itself. It is true tliat some laws appear to be ultimate 
in our present state of knowledge : but in accordance with 
the postulates of knowledge we attribute their apparently 
ultimate character to our ex>mparative ignorance. For 
example, wide-reaching as the theory of gravitation is, 
it throws no light on the nature of gravitation itself. 
Hence the mind cannot rest content with the theory as 
an ultimate explanation. It rea>gnises it as a problem 
which, it is not unreasonable to suppose, may be one day 
solved. 


' Cf. Hobhousc, Theory of Knowitdgt^ p. 403. ^ 
» p. 404. 
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4 . rallaoies incident to Snplanation. 

(i) Origin. — As explanation involves generalisation it 
is evident that errors of pfeneralisatiou will render onr 
explanations futile. It is further evident that all generali- 
sation from insufficient or inisappi*ehended data must l>o 
fallacious. This means that sucli invalid results are all 
too easily accepted, for our discussion has at least brought 
out the truth that the interpretation of exp<u*ienco is a v(‘ry 
difficult task. Had we no innate tendency to generalise 
our exjH^rieuces, sciences could hardly iK^gin, yet this very 
tendency is at the root of the danger, for it hwls us to 
draw general conclusions from very inaile(|Uate knowledge. 
Children generalise wildly, and untraineil minds sho^^ 
little improvement. One of the most difficult lessons the 
scientific worker has to learn is to be cautious. 

(ii) Empirical OeneraliBations. — Genc^rali sat ions an% 
we have seen, at first empirical; and in that stage can 
never be more than probably true. Hei*(* are nvi<lenfly 
possible two main forms of error. We may generalise* 
from too few instances, and even without having consi- 
dered whether any exct'piions can be met with or have been 
r«*orded. The generalisation is usually based on some 
striking feature (H)inmon to the cases notice<l, and cases 
which do not pn'.sent that feature for that very reason 
escape notice. Hence stjch generalisations as that dreams 
are prophetic aro.se from tlie marking of coincidences 
l)etween dreams and subsequent events and disregarding 
all dreams which did not thus obtain fulfilment. 

Such im example brings out another mode in which 
empirical generalisations are often vitiattid, in that too 
general a resemblance is taken as its l>aais. The amount 
of coincidence between dream and fulfilment is often ex- 
tremely small; its very existence really awakens surpriw? 
and wonder ; it seems something needing explanation, and 
the explanation is found in an assumed causal connexion. 

The almost inevitable result of such imperfect analysis 
is the undue extension of the generalisation. Thus, to 
extend 2n empirical generalisation of some phenomena of 
social life, founded upon a survey of the condition of any 
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one country at some particular time, to other peoples and 
other times is to make a fallacious inference. 

As one class of fallacies of this chamcter Dr. Fowler 
mentions undue respect for authority. The influence on 
the opinion of the multitude of expressed judgments of 
well-known people on certain questions is well known to 
advertisers of quacik m(»dicines, promoters of public com- 
panies, and those generally who wish to attract public 
confidence to the goods they have to sell. The form of 
the argument involv(‘d would seem to l)e, that A is a man 
whose opinion on many subjects is of weight, therefore, 
liis judgment is of weight on all subjects. “ We have to 
learn,” said Dr. Fowler, ** not only that men are to lx> 
^trusted exclusively withiji the limits of their owm ex- 
perience, in their own profession or pursuit, but that even 
within tliose limits tlieir authority is apt to become 
tyrannical and irrational miless it is constantly confronted 
with facts and subjected to the criticism of others.”’ 
Similar r^miarks apply to an excessive regard for the 
authority of great writers. A striking example of this 
falhvcy is found in the intellectual idolatry with which 
the schoolmen regarded Aristode. 

The second main source of error is to regard an empirical 
generalisation as a necessary law. This has long been 
known as the fallacy Post (or Cnm) hoc, ergo ytropter hoe 
— if events are connected in time they are causally related. 
This, too, is committed when dreams are regarded as 
prophetic. The bUlacy arises because we cannot rest 
satisfied with mere sUitement of fact — even of general fact. 
We need explanation, and we are often in far too great a 
hurry to reach it, so wo fall into this fallacy by accepting 
08 true the first suggestion that offers itself. 

No doubt constant connexion in time suggests a deeper 
bond — ^hut that bond is not always foun 1 in the events so 
connected— often it must be sought in a deeper reality. 
Day and night, for example, are causally connected with 
the daily rotation of the earth — ^but day does not cause 
night nor night day, constant as is their temporal suo- 
eessiou. * 

’ Iiiductive Logic, p. 292. 
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(iii) Sstablisliad TnithE. — Fallacy, of course, is com- 
mitted not only when an empirical law is regarded as 
•causal and necessary, but when a truth leally so estab- 
lished is wrongly applied to concrete reality. Of this 
latter fallacy the most common examples are probably to 
be found in the consideration of cases where the operation 
of the law is frustrated by counteract iug conditions. 
Especially is tliis liable to occur in the consideration of 
social questions. In illustration we will quote a passage 
from Sir G. C. Lewis : “ It is to lie borne in mind that, in 
estimating negative instaricos, due allowance must lie made 
for the occasional frustration of causes. . . . For example ; 
it might be argued, from tlie occurrence of several cases 
in whi(!h the absence of high import duties and of ct/m- 
meroial restrictions was accompanied with abundance and 
cheapness of commodities, that the former was the cause 
of the latter. Certain instances might then occur, in winch 
tbe former existed without the latter; but each of these 
exceptional eases might lie accounhKl for, by showing that 
there was a sjiecial circumstance, sucli a8adefi(iient8upply, 
or interruption of intercourse by war or bloc.kade, which 
partially obstructed, and for a time suspended, the opera- 
tion of the former cause. Again : it might be shown^ by 
the evidence of Licts, that the operation of a new law had 
lieen generally beneficial, with the exception of certain 
districts, where its enforcement had been prevented or 
retarded by certain peculiar and ac^cidental circumstances. 
Exceptions of this kind, which admit of an adequate 
.special explanation, serve rather to confirm the ^neral 
inference than to weaken it; inasmuch as they raise the 
presumption that, but for tbe partial obstruction to the 
-cause, it would have operated in these as in tlie other 
iostancea where no obstructions existed.’' * In such cases 
we have, of course, an ina<lequate analysis of the con- 
ditions of the case to which we propose to apply the 
general law. 

Generally, then, all illicit statement of law, and all 
wron|; application of law, resolve themselves into inade- 

1 Mtthods of Observation and Reamning in Potitics, vol i., p, 386. 
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quate analysis of facts. The statement of the law is 
erro neons when the conditions given include either more 
or less than just those essential conditions which are the 
ground of the phenomenon. Thus, if we take one of a 
number of related conditions as the total C4iuse, our 
general law will be wrong, as its statement will embnw'e 
instances which do not really come under it. For example, 
to state that the boiling-point of a li(iuid depends only on 
the temperature would l^e to omit the equally essential 
condition of atmospheric pressure. Thus, to say that 
waUT boils at 100^ C. is wrong; it Ixiils at that tem- 
perature under the pressure of one atmosphere; that is, 
the normal atmospheric pressure at the sea-level. Up a 
mauntaiii the boiliugqKniit is different. 

Again, in the analysis of phenomena it is possible to 
c()ufus(^ tlie whole or a part of the cause with tlie effect. 
That it is by no means easy to determine in all cases whicli 
are the determining, and wliich the deteniiinecl, elenients 
in li complex phenomenon is illustrated by the fact that 
mebH)ralogists are not agreed whether tluj copious and 
sudden downfalls of rain which usually attend thunder- 
storms are the cause or the effect of the electric discharge. 
The common opinion is that they are the effect, but 
Sir John Ilerschel held that they were the cause. 

Another source of error is the neglect of the mutual 
interaction of cause iuid effect. This interaction, of course, 
may also lead to that confusion of cause aud effect which 
we have just noticed. This again is well illustrated from 
social phenomena by a passage from Sir (1. C. Lewds. He 
says : An additional source of error in deterpiining 

political causation is likewise to be found in the mutu<dity 
of cause arul effect. It hapwns sometimes tliat, when a 
relation of causation is estalnished betw^een two facts, it is 
hard to d^ide which, in the given case, is the cause and 
which the effect, because they act aud re-act upon each 
other, each phenomenon l)eing in turn cause aud effect. 
Thus, habits of industry may produce wealth, whilst the 
acquisition of wealth may promote industry ; again, habits 
of study may sharpen the understanding, and the inci eased 
acuteness of the understanding may afterwards increase 
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tor So our oxr.oss <»f [ntpiilatiuii may. 

Iiy iinpovori^liiji.c tlio laltourin^ rlassos. }»o tlio oauso of 
their liviijo ia 1u<l dwellings; ami a^aia, lm<l <l\vollin^'8. 
hy (leh'rioratiuj^ the ukumI ha 1 /its of the {>ocir, may stimu- 
late' |)<»pula.f ion. Tlu' ^ciioral irit<*))ii;<*iu‘o and o.iod souso 
of the f)(*oj*lo ?ijay pmmolo its ;j;o(m1 « 4 overum<'nt. aiul the) 
^.^oodaess td' llio L;Mv<TJiiuoiit ma \ , iu ils turn, iiierrasi? tijo 
intoll i^oru*4‘ of tli“ [»o«»ji!<‘, and cvnitrihuto to the formation 
of hound opinion^ a iiKniij; thorn. J>rnnkoinioss is iu ^oiioral 
the (“onK4N[ih*n/'o <if a low dt'^^roo of iutollif^oiioo. as may Ixj 
e>)iM rvod both amon_f .sa v.ilcos and iu civiliscMl oountrios, 
Ilut, ill r(‘liirn, a liiha of ilruiiki'niu'ss pnnoiity tlio culti- 
vation (d' tfio iiil(‘l!o*-l , and st rou'^dhons the caUM' out (d* 
^\hiv’h if. 'j 4 ro»\.s. A.s Id.ito roinarks, oducatioii impnoa's 
iiatmo, aiul naturo lacihfatos (‘du<*ation. Nafioiial cha.- 
lUi'tor, aL(ain, lioth othvt ami cause: it rea«'ts on tho 
cinumstam-os fi<»m wluch it arises. Tlio natioual pOi'.u- 
liarifios of a i»‘'uplo, its raea', physic il hfriK'fure, (diniafe, 
territory, etc., form originally a c*‘rtaiii cliara<‘f«*r, ^vhicJi 
teacls to croutc certain institutions, j^olilieal ami domestic, 
in harimmy \wtli tlrat charact«*r. 'I'hese instil utions 
stnm^dheni. poi]io( nate, and reproduoo (ho* (•huriictei* out ^ 
which 1]i(‘y ^rew, and so on iu succession, ea<’h mnv elTecd 
bocomin*/, in its turn, ii new cause, 'i’him a hravc*. (*ner- 
getic, rostles.s nation, expos'd attai-k fnun iiei|^h hours, 
orj^aiiisos military iusf itiitimis : these*, instil iilioiis proniofei 
and maintain a ^^arliko spirit : tliis warlike spirit a^alii 
a.ssihts the; den'elopmeiit of tin* military organisation* and 
it is furthei* proniotod by territorial eoiiquests ami succ.e8S 
iu w^ar, wdiicii may Ik; its result - -esich suece'ssivu effect 
thus adding to the cause out of wdiich it sprung.”^ 

» Op, cif,f voL i., p. 375. 
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ThcdC qutationH nn in imtsf s fnlf n from jMipers net at 
j till it u' CA'fi HI inattoiif*. 


^ riTAPTKllS I. -II. 

1. “ l..ogio deals witli llic Innii and not tho nmtter of 

OireluUy conHulei' tins htatcnu iit ; .ind di.stinguish (r?) from 

Pflyolinlogy, {h) IVoin (riaiiunar. 

2. “A man who has rcflt'c'ttsl uj>ori tJic punciplus oi rniHouing is 
much loHs likely to l>c deceivctl than one who is guided uneon- 
stiiously by assumptions which he has never examined.” Discuss 
this and give illubtrations. 

3. FiXaminc the following KtatenientH as to tho province or fano- 
tioii of Logic ' 

(rt) The science not of 'IVuth but of Consistency. 

(h) 'I'he science of the operations of the underetanding which 
are subservient to the estimation of evidence. 

(e.) A machine foi combating Fallacs. 

4. Wliatdo you unclerstnnd by tho tlistmetuui bc’tweeri Logic as 

Boiencu and Logic as an Art? lllustiate your answer by reference 

to difFcRMii departments of higieal doctrine e>T by reference to 
different nuxles of treating logical problems. « 

n. In what sen.se, if any, is Logic dependent for its principles on 
advance in scientilic knowledge? 

(5. Discuss the statement that much \nlid thought prec^'des tha 
study of t5>gie, lienee the study of Logic is valueless fur the pur- 
poses of valid thought. 

7. Discuss the view of Logic implied in the following : — ** Logic 
hod bi'guii its work, and in men of a certain temperament political 
logic is apt to turn into a strange poison. "J’hey will not rest until 
they have drained tii-st principles to t heir very dregs. TlAy argue 
down from tlie necessities of abstract reasoning until thej.iiave 
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ruined all llie favouring iK»Ksil)ilitic*s of concrete oiroumstanee.’^ 
— j(Julin Moiloy, Oihxr ih'ojuu'ri!^ pp. 239-240.) 

8. Explain the inuanin^ and sigmiioancc of the fuiulamentAl lAwa 
of Tlioiigl»t. Du thty furnish more than a negative lost of truth? 

►Show that in cver^ jiulgim-nt there imn<t be eoino identity between 
subject and predicate, but that in no judgment can Hubjoet and pre- 
dicate be wliolly i<lentical. 

9. iStat^j tlie thieo fujidamental Laws of Tliought, explain tlieir 
meaning, and consider how far they are indc'pendent of each other. 

10. State the law of Sullieient Keason, and discuss its logical 
place and value. 


CHAPTER III. . 

1. How dcH'8 the study of terms enter into Logic? DistingiiiHli 
between (1) .i;encial and .suigular, (2) abstract and eonen‘lc terms, 
and illustrafo the djIlicnllieH that arise in applying the distmetion. 

(Jjioii what gi'imiids would you decide whether the name ‘*'l’hc 
Riglit Honourable H. H. Asuuilh” has extcinsifai or iiiteiiHion only 
or IhjUi ? 

2. What u a connotative name? Clive examplcK Khowingdillerent 
ways in which the eonnotati<»n of a uuuic is such that the nan e is 
understcKal tu be applicable to a single <d»jcet. DiHlingutsh such 
names from Proper Xaines. 

3. AVhat diffeient Houses have logicians attached to the expresHioii 
— the iiilenfeion of a term? Are there any names wlii<)i simply 
denote ohjoctfl without giving any inforinalion alsiut the oharacUu- 
istic.s of those objects? 

4. “ When m c consider the use or funetitin c>f terms we fiml that 
tlicy are never used ineiely bi name tidngs or merely to connoie 
attrihutt%,^ Discuss this. Has ite\er been maintai ied, so far as 
you know', that teriiis may “merely eormote attiihulch”? How 
far does the di.^[>ute alKmt the connotation of prof^ r names arilie 
from a dilTerenco in the meaning attached U> the word connotation? 

3. Explain the distinction between the inte nsion and the exl>en- 
sion of terms. What is the inc^aning of the stabjincnt that as the 
one increases tlie other dcercoscB, and what are the limits to the 
accuracy of the statement ? Is it true that the more eomprelierisive 
term ha|less significanc'c than the less comprehensive? 

6. (a) Distinguish between Abstract and Conorcte Terms. Would 
you «ay that a generio term such as 'animar is more abstiAct 
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than a H|jeoiiio term auuh as * horse * ‘i Give reasous for ^our 
answer. 

(fj) Upon whal grounds have abslract terms, if they are names of 
a simple attribute, lieen thought t4) bo destitute of connotation? 
Examine tliis contention. 

7. Describe the nature of Collective Terms; can they l>e distin- 
guished from general terms? 

8. Give the logical characteristics of-^organism, force, nation- 
ality, His Eminence, our Amerioan Cousin, monopoly, The Itenais- 
sanoe, the judicature. 

f). Describe the logical characteristics of the following terms — 
lame, crowd, colour, son, equation, unholy, ant, Lord tShaftesbury, 
the tallest man alive, the L rd Cliaucellor, nou-Christian. 

• U). Discuss the iiucstion whether the following terms are respec- 
tively eoiinotativc or non-eoiuiotative- Ixmdon, 8t. Paul's Catlie- 
dral, The Emperor of India, man, parallelogram. 


CHAFTER IV. 

1. Discuss the logical inifiortafioe of the Heads of Pradjoable.s. 

2. Mathematics has been said to 1)0 distinguished from Physical 
iScieucc by the preponderance in the former of athrmations bf 
Propriuiii. Account for this difference. Can you give any noii- 
mathematioal soientifio examples of such predication ? 

8. What is a prcdioablo ? Enumerate and describe the different 
^pfcdicables, constructing pit^positions to illustrate tl.em. 

DisGuguish analytical and synthetical propositions in terms of 
the predioables tb(^ resi)ectively employ. 

4. Distinguish between a Verbal and a Real Fi-oposition. Con- 
sidot under which head the following ought to be ol&ssed — (1) 
Whatever is, is. (2) Those organisms survive which are best 
adapted to survive. (3) Right is right. (4) Man is man (and 
mash^ o^ia fate). (5) It is inadvisable to cat too nvuch. (6) I'hb 
expense of travelling on the continent depends on the habits and 
means of the traveller, and his mode of journeying, and likewise 
cm the rate of charges made in the various countries. (7) We are 
able to reason because we have the faculty of ratiocination. 

5. Give the Genus, the Differentia, a Proprium, and an ^Aocidens 
bf-— gold, parwinian, rhombus, house ; and say why you ohoose 
what you give in your answer. 
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CHAPTERS V.-VL 

L What are the chief uses in defining a term? and wlmt are the 
ohief classes of terms that are indefinable 7 

2. State the meaning of Definition, and carefully explain any 
technical terms that you use in your statement. 

Comment critioally, with examples, on (a) the distinotion Ijetween 
the nominal and real definition, {b) the distinction between the 
definable and the indefinable. 

3. Comment on the following definitions— 

(а) A multiple is any niiinlier divisible by another number. 

(б) A legislator is a niomlnji* either of the House of Commons 
or of the House of 

(c) A straight lino is that which lies evenly between Ra 
extreme points. 

(/f) An idle person is one who will not work when he can. 

4. Show by examples the nature of the mistakes that are likely to 
be made in trying to d<ifirio such wowls as Verb (in grammar)^ 
FiKjtor (in Arithmetic), Comhination (in Chemistry), Pleasure (in 
Psychology). (Oihcr words may Iw suWituted l>y the examinee 
for thr>se suggested. ) 

3. In what respects, if any, do the following deflnitiouH fail to 
satisfy logical rof|uiroments ? — 

(1) Causality is uniform antece<|encc in time. 

(2) Strength of will is that which enables a person to persist 
in his voluntary resolutions. 

(.3) I^fe is the totality of vital phenomena. 

(4) Orthodoxy is my doxy; heterfxJoxy is another maifs doxy. 

(5) Sound sensfvtioiia are those which are pitKluced l>y,stimu- 
lation of the auditory nerve. 

6. Dif^uas the place and importance of Genetic Dehnition in 
knowledge. 

7. **DofiRitiou must be Ixjth the starting iKfint and also the end 
and aim of all thinking.” How do you understand this statement 

8. Compare the de6nability of the following terms— book, 
square, dullness, Victoria, silver, exogens, thermometer, eoal, 
brilliancy, the present Cliapcellor of , the Universif^ of London, 
Cambridge, cart, this ear. 

9. Point out the fallacy, if any, in each of the following — 

(a) All responsible beings are rational; responsibility in< 
meases with the increase of rationality; some dogs are mure 
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rational than some nion ; therefore some dogci are more reepcm- 
flible than Rome men. 

{h) If 1 am to pasB thi’) examination, 1 shall pass it, whether 
I aiiRWtjr corroetly or not; if J am not to pass it, I shall fail, 
whctlmr I iinswor oorrectly <)r not ; tlieroforo it is of no oon- 
seq lienee how 1 answer the questions. 

{(') 'I'he laws of Nature never can bo broken. Social law is a 
part of the general system of Nature ; therefore it cannot he 
broken. 

[d) To as'sault another is wrong ; consequently a soldier who 
assaults another does wrong. 

(r) I shall not join your society : you can’t exi>ect me to do 
everything. 

\0, hiHcuKH the main faults in dednition and illustrate them by 
examples. 

11. What fallacies may lurk in (1) the ambiguity of the word 

‘all,’ (2) the use of metaphor? * 

12. Define the term Fallacv as employed in Logic and distinguish 
a fallacy, as thus employed, truni a false belief. 


CHAPTER VII. 

1. Explain what is meant by Definition and Division, and show 
their ix*lati<m to each other, Ci'itioise the follow’ing ns divisions : — 
(1) Human beings into men, women, and children. (2) Fungi into 
mushrooms and toadstools. (3) ISubstances into ponderable, impon- 
derable, and Spiritual. ( 4 ) Chair into lege, back, and seat. (5) 
Governments into democracy, oligarchy, monarchy, and anarchy. 
(6) Organisms into plants, animals, and social organisms. 

2. Give concisely the formal rules of logical division. * How is 
the differentia of a siiccica connected with the futidamentum dm- 

upon which the division of the genus proceeds? Examine 
the foUow^g examples of division ; and amend them where neces- 
sary— 

(1) Triangles contain either a right angle, an obtuse angle, 
or an acute angle. 

(2) Numbers are either positive or negative or whole or 

fractional or prime or composite. ^ 

3. Criticise tlie Statement that a purely formal division is a 
possible process. 
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4 Criticiae the following divisions— 

(1) North Amerioa inU'» Canada, tlie United States, and 
Mexico. 

(2) I'erins into Singular, Oeneral, Ahatract and Concrete. 

(3) Bwikft into bound, and un)x)und. 

(i) A piece of lime inio whiteness, solidity, weight, and 
oxtenaion. 

(5) A iHjrfion into iKines, Hcah, feeling, and will. 

5. Explain what is meant by Claasifie-iition, and show what excel- 
lencies a clasaibcatioji should have, and to wliat faults it is liable. 

t>. Distinguish Ijogical Division from Natural ClaHsiiioiilinn. 
State and illustrate the rules of logical divisiem, and conaider how 
far they <^an be realised in classitiriation. 

7. Distinguish between a natural and an artificial classification, 
giving illustrations. What are the precepts and proc^autions to lie 
observed in selecting the basis of classitioation ? 

8. Ill the Theory of Classification, wJiat do you understand by 
essential characteriatlo, constant, important, and accidental 
features or properties? (Jive examples. 

9. How far can we distil igiiish kinds of Classification by reference 
to the purposes which they serve? 

10. Explain and illustrate the dilferenco between the Nomcnola- 
ture and Terminology of a Science, and show biicfly the principles 
upon w'hich they should ho constructc<l. 

Are there any technical terms of a Scirnec other Ilian those which 
belong to its Nomenolatiiro c}r Torrairiology ? 

11. Discuss the iiriiiciplc on which mtbmmpfive olassificaticjns are 
made and the limitations to which it is subject in actual soieniifio 
work. 


• CHAPl’KRS VllL-X. 

1. What do you understand by a Categorical Proposition? What 
other forms of judgment can lie expanded intri Categorical Proposi- 
tions. 

2. IMscuss the function of the copula in logical proimsitions. 

3. What is the essential distinction between the subject and pre- 
dicate of a logical proposition ? Illustrate by examples. 

4. What is meant by the Quantity of a Proposition? Why are 
eingnlaf propositions classed under universal propositions ? Bring 
out oarefolly, with the aid of illustrations, the various meanings 
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or Ambiguities attaching to the designations, some, any, all, few, 
most, 

f). Define ‘excluflivo* and * exceptive* propoHitions. What is 
the logical relation, if any, between them? Kxpress the following 
propo.si lions in logical form, and give the contradictory of each — 

(a) Tijo only man in Un? Ii<»u8e was the landlord. 

{b) Any one but an idiot would believe it. 

(r) No admittance except on businewH. 

(d) MtMubei'H alone can vote. 

AV’'hat is the logical relation i>cLween the propositions ‘‘Only 
graduates are (;ligil>le ” and “ Some graduate s are eligible *’ ? Under 
what conditions is this logical redation \alid ? 

[All Kxrfmivn ProfMmfion contains a word such ns nlouf. limiting 
tl|o subject- S afitnf' u P ; An Exceptive Propof^itifo) exehirle^ a por- 
tion of the denotation of the subjeet term from the predication by 
some ancli word as except, unless — A'/vry S in P it m M.] 

fi. Ileduco eaeli <»f the following to its .strict logical form and 
indicate the cjuanlity and quality of each logical prtiposition — 

(a) All men are nut liars. 

(b) Any man would have done the same. 

(c) Few are sucoessful in achieving their ambitions. 

(d) A few wei'e not disheartened by failure, 

(c) Scarcely M\y marksmen sdoro the full t<3tal po.ssiblo. 

7. State in h^gieal form ; indioalo the sui»jeot and predicate ; and 
give the quality and ([uantity of the following — 

(a) All that glitters is not g<dd. 

Axioms arc self-evident. 

{c) Among Knglishmcn many great genernD are found. 

(</) Not one of the enemy cswipcfl. 

8. Give a full disousaion of Indcsigiiate propositions. 

9. Express ns clearly as possible what you take to be nature 
of n h}q)othetical prfjposilion. 

(0) Compare the import of the hypothetical proposition, If 
Sf then Pt with that of the oatogorioal proposition, AH $ in P, 

(h) Wow far can the disjunctive proposition bo resolved into 
hypotheticals, and into how many ? 

10. Express in hypi>thetieal form tlup following disjunctive pro- 
positions, taking account of the meaning in each case— 

(1) A lino must be either straight or curved. 

(2) To obtain this post a man must possess either tierit or 
infloenoe. 
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11. Discuss, with examples, the question whether H^^potbetioal 
Propositions can bo rciliiced tfj Categorical ProjiOBi lions. 

12. In what way should the Disjunetivo Propo.'-ition bo inter- 
preted? Wliat is"its relation (ct) the Categorical Proi^ositiop, 
(h) the Hypothctinil Proportion? 

13. How far do distinct i»»ns of Quality and Quantity apply l»> 
lTy|K>thc‘tical and DisjuiK-tivo PropositinuM ? 

14. Kx}»i‘ess the following Hypolhetieal Propositions in the fun- 
damental three- torm fornj — 

{a) If a man steals, tlm law' should punish him. 

[h) If the rejiort is true, wduit you sny is untrue. 

(c) If you do that, I will punish you. 

{(i) If sUtdy is well done, the student W’ill gain. 

(e) If two parts of hydrogen eoinbino with f»ne part 8f 
oxygen, water is formed. 

( / ) If this work reciuiivs three liours a day, I cannot do it. 

1.*;, What is meant by the ‘ InqKwt of Propositions*? State 
various views which logicians have held on tliis subject. Winch 
view seonis to you to lie preferable, and why? 

10. ‘'Judgment c(»M'»i‘<l8 in ooinparing b>gcthcr two notions or 
ideas cJ objoets derived from simple apprehonMi«>n, bo ns to ascer- 
tain whether they agree or differ.*’ 

Oritieally oxntuinc this view, and indicate oarofiilly the relation 
you take to liold between nolionH, judgments, and irifereiioos. 

17. How’ far is it {a) legitimate, {b) adequate, to conslrno an 
ftihrmative categorical proposition as meaning that the subjocl is 
iiioludod in the predieate ehv.'-s? 

18. Examine how far the import of categorical prop^^sitions can 
be represented by diagrams. Comment upon any diai^rafninatic 
Bcheme that has been n^lopted by logicians, and indicate the extent 
to w’hich it succccdH or fails in satisfying the requirements of such 
diagrammatic re])rcBentatioii. 


CHAPTK118 XI.-XIV. 

1. Arrange the following propositions so as to show whether or 
not the truth or the falsi 1 3 ^ of one can he infeiTcd cither from the 
truth Olathe falsity of another; Ko intelligent fKirsons are pre- 
judiced ; All unprejudiced persons are intelligent ; Some unintelH- 
gmit persons are unprejudiced; Not every prejudiced person is 
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unintelligent. Explain any technioal processos which you may use 
in working out your answer. 

2. DintingiiiKh {a) contradictory and contrary terms, (^) contra- 
diot(3ry and contrary prupositioiiB. 

What precise meaning do yr)u attach to the law of contradiction ? 

How is tho square of opposition affected if *some* is taken to 
mean ‘ some hut not all ’ ? 

3. (/ivo the contradictories of the following hypfjibeticals — 

(1) If Uic material world is finite, it must have l)een created. 

(2) ]f a tiger once tastes human hhxKl, it becomes dangerous. 

4. What immediate inferences can bo drawn from each of the 
following four propositions? — 

(n) If X is true, then y is true; (?>) x would ho true, if y woie 
ft‘ue ; (r) x and y cannot both ho true ; (d) either x is true or y is 
true. 

What conclusion (if any) could he drawn in each case if it were 
further known (1) that x is true, (2) that x is false ? 

C), Distinguish the logical nature of Immediate Inference from 
that of Opposition. Explain why it is impcrssihle to convert an O 
proiK)Hitii)U. 

Htatc the following in logical form and give their converse and 
oontraposit-ivc — 

(1 ) None but young soldiers run away, and they only in their 
first engagemenU. 

(2) Starvation wages are lustter than none at all. 

(3) Not all the riches of the earth can bring happiness. 

(4) Humour is not given to all. 

6. State tho following propositions in logical form, and give, 
M’here possible, the Converse and Contradictory of each — 

(a) All knowletlge is only recollection, 

(b) We oaiinot all command success. ♦ 

(c) That is all that I asked for. 

How would you prove the rules for Conversion, Obversion, and 
Contmp^ition 1 

7. (d) On what grounds has it been proposed to exclude tlie pro- 
cess called * immediate inference’ from the sphere of infereooe 
l»ropt;r ? Discuss. 

(b) State, giving examples with S and P used for terms, what can 
l>e asserted as to Uie truth of a proposition from — 

(i) The falsity of its oo«t|ury* * 

(ii) The truth of its simple converse. 
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(iii) The truth of its sub-oontrary. 

(iv) The falsity of its converse. 

(v) The falsity of its sub aliernato. 

8. Draw as many inferences as tvin from the following pro* 
positions, naming them by their logical uaiiies — 

(а) A merry heart goes all the wa}'. 

(б) You can only support yourself on something whioh offers 
rcsistanota 

9. (live, where possible, the contrary, the contimliotory, the con- 
verse, and the oontraixisit»ve of the folloMong — All tyrants are 
unhappy- Some crows are white. When sinners re])eut, some- 
times they are not forgiven. Tf a man seeks pleasure ho can never 
attain happiness. If Aristotle is right, Herbert Spencer is wrong. 

10. (live the most concise proofs that you can of the rules f^^ 
(\)nvcrfiion. Obvor^ion, And (Contraposition of Pro|>osi(iuns. 

11. (five, wh(M*o po.‘i'>ible, the contradictory, con verse, and contra- 
lK)8itj\c of the following - 

(i) Not all despAs are cruel. 

(ii) Only philosophers fail to see the difference lKd.wcen a post 

and my idea of a post. 

(iii) ITc who is down need fear no foe. 

12. Reduce to logical form and give the oontrapositives of the 
following pi*oposition8 — 

(1) More haste less 8j>eed. 

(2) None but himself could be his parallel. 

(3) Only fools learn by e.Tperionce. 

(4) It is an ill w'ind that blows nobfKly any good. 

(o) A miss is as good as a mile. 

Express in ordinary categorical form each of the following 
propositions, examine the distribution of its tcrnis, and give its 
oontradiotory and contrapr«itivc — 

(а) We smile not only when we are pleased. 

(б) 'I’lie price of an article does not alw^ays rise immediately 
after it is taxerl. 

(c) Any one may judge of B/s conduct who examines the 
. , evidence. 

Wherein lies the fallacy of tke following?- A p^jct is a man, 
therefore a good poet is a gootl man. 

H- Show bow diagrams may be used to prove the rules of, oon- 
version 2nd eoatrai>osiiion. 

Show also, by means of diagrams, that we cannot infer from 
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“All A*8 arc B “ that “ Somo B’a are not A ” ; nor from “ Some A'g 
aro not B*' that “Some B'» are not A»” 


CHAPTERS XV.-XVI. 

1. Biieily cliseiiHS tho claim of rncthorl to a place in logical 
doctrine. 

2. Discuss the rclaiitui l^etwcen tho proceascs called Induction 
and Dcduttioji on tho one hand, and thoae oalle<l Analysis and 
SynthcsiH on the other. 

3. Compare the respective functions of logical analysis and 
synthesis. Is there any fundamental oi>x)Osition between them ? 

* 4. CriticiHo the statement that science progresses througli analy- 
sis to synthesis. 

■A. On whrtt grounds would you deserilM) mathematics as mainly 
a syntlmlie science, and chemiHtry as mainly an analytic science? 

(i. What arc the essentials of a good method ? How far can they 
bo usefully expressed in rules? 

7. Why should the study of deduct ion precede that of induction ? 

H. Indicate concisely what you take to Ih' tho essential nature of 
infercrjce. 

1). Examine the aasortion that inference cannot atir without 
universal^. 

10. Di .- 01138 the eoneeption of system in relation to (a) a particular 
BiMcnee, {h) knowledge as a whole. 

11. Explain exactly tho nature of the fallacies Petitio Principii 
and Iimratio KU t\M. Examine, with tho aid of ilhistratioDA, tho 
mental conditions wliich may give rise to these fallacies, 

12. Examine logically the following arguments— 

(d) “If it be Miid that there is an evil in change aif change, 1 
answer that there is also an evil in di.seontent as discontent.’* 
{h) “1 si>eak not fmm mere theory. There exist at this 
inon^nt practical illustrations of ray assertions.” 

(r) An adverse deoisioo, my lor^, will seriously prejudice 
the political prospeota of my client. I beg you, therefore, to 
weigh well a decision which, if unfavourable, will spell disaster 
for an honourable man. 

(d) Who can deny that this measure will ameliora^ the lot 
of our fellow^lizenB when. we reflect that it will raise the 
standard of comfort in every home ? * 
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(e) has spoken of that noble person and of his intellect 
in terms wliich, wore I dig)x>Ked to retort, I might say show 
the hon. gentleman tt) bo pot>8es8ecl of an intellect which wouUl 
justify me in passing over in silence anytiiiiig that comes from 
such a man. ’’--(Charles James Fox.) 

(/) No man can witness the daily misery and oppression 
the poor in our land without being .stirred to redress their 
wrongs. I need say no more. That will be sutficient for all 
cnlightonod men to Htipporl this reform 'which has no other 
aim than to relieve their dintress. 

ClTArrKRS XVII.-XX. 

1. iJefinu a categorit^l Ryilogism in its narrowest sense ; and gi^ 
in shortest form the iicocssary and suiheieut rules for the validity of 
a syllogism. 

2. If, ill a valid syllogi.sm, the conclusion l>o false, must the pre- 
mises be likewise fuli>c ; if the premises bo false, can the conchiHion 
be true ; if the cmiclusion and one of the premises bo true, can the 
other premiHe be fahe ? Give reasons for, and illustrate, your answer. 

3. (five tlio meaning of the Dictum (U omni et nuilo. How is 
the proper statement of it affected by the method of interpretiug 
the iuip(^rt of propositions in extension or intt'iision, or l>otli ? 

4. (i) State the Dicium dc omni et de nuilof and prove from it 
the ** Special rules for the First Figure.” 

(ii) What proof would you offer of tho rules of the lTy[ilithetinal 
Syllogism? Give concrete examples in illustration of the rule.s. 
Oomiuent on the term ‘reduction* as used of the transformation 
of a hypothetical into a categoricil syllogism, or rice vtrm, ^ 

5. What is a hypothetical syllogism ? Explain the reason for tho 
rule — affirm the antecedent or deny the constxjuent. To wtuil 
fallacies of tho categorical syllogiBin do' the violations of this rule 
correspond ? 

Explain how the rule is connecte<l with the doctrine of the 
plurality of causes, and why it is correct in spite of the rule U* 
aigue **if a triangle is equilateral, it is eriuiangular ; but this 
triangle is equiangular and therefore it is equilateral.” 

6. Discuss the question whether the alternatives of a disjunctive 
ByUogiin|f are mutuall|r Exclusive. 8how in what way the answer 
given to this question affects tjiiat form of the d^jonotive syllogisiD 
known as Modws pomndo UHUm* 
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7. Give a clear and precise explanation uf the rule concerning the 
Middle Term uf a syllogisiu. 

8. When is it impossible to draw a valid conclusion from two 
given premises? Explain why the inference is impossible. 

9. Provo that a particular premise necessitates a particular con- 
olusion. 

10. Show, from the general rules of syllogism, that in the third 
figure the minor preniiso must bo affirmative and the conclusion 
particular. 

1 1. Explain why the third figure of the syllogism is “ suitable to 
the discovery or proof of instances and exceptions,’* and prove hy 
the fiyllofjistic ruka that in the second figure the conclusion must bo 
negative. 

• Construct an exampU (not a symbolical formula) in Baroco in the 
second figure and reduce it directly and indirectly. 

PJ. Clive the special rules for the quality and quantity of Uie 
])remises in the second and third syllogistic figures and explain the 
reasons on wJiioh they arc based. Reduce to the firat figure the 
following syllogisms— 

(1) Some logicians are not good reasoners ; all logicians know 
how to reason well ; therefore soiiic who know how to reason 
well do not reason well. 

(2) Some virtuous persons are boros ; all bores sliow a lack of 
synipatlititio imagination ; therefore some persons who show a 
luck of sympathetic imagination arc virtuous. 

13. State the special canons of the four figures; construct 
examples of syllogisms in Camuiiea^ Darapti, and Bftroco^ and reduce 
them to the first figure. 

14« Why cannot 0 stand as a premise in the first, as a major in 
the second, as a minor in the Udnl, or as a premise in the fourth 
figure ? * 

15. Prove that in the first figure (1) the major premise must be 
universali (2) the minor premise must be affirmati ve. 

10. li the major term he universal in the premises and particular 
in the oodbluaion determine the mood and figure, it l>eing understooil 
that the conclusion is not a weakened one. 

17. Wlmt is meant by Mood ? Show frOnp the rules of the syUC' 
gism what moods are alone admissible in the seooiKl figure. 

' 18^ CoQstruot examples of syllogisms ia Camestres, 
and^reduce thf»m to the first figure. 

1^91 Mow far does the dootrine of Figure and Mood apply to 
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(1) Pure DLsjunotive Syllogisma, (2) Pure Hypothetical Syllo* 
gisnis ? 

20. Provo that in every figure, if the minor premise is negative, 
the major premise must l>c uiuversnl. 

21. State the following argument in a syllogism of the third 
figure, and reduce it both directly end indirectly to the first — 
Some things wortliy of being known are not diicctly useful, for 
every truth is worthy of being known, while nut every truth is 
directly useful. 


ciiAiTKRs xxi.-xxn. 

1. What are the valid moods in Mixed Syllogisms, and huw' are 

they determined ? » 

2. Discuss, with examples, the reduction of Mixed llypotlietical 
Hyllogisins to the categorical form* 

Explain the itiodm paiicuflo tofleTMf and examine the assurnp- 
lions upon which its validity dependa. If I argue from the truth 
of A to the falsity of B, what is the real relation betw'con A and 
B which is required to make the inference valid f 

Keganling the following two arguments sm examples of the 
povendo tofUm*, point out analogies between them and intnKluee 
in each case the suppressed premise : (1) A man may be without a 
vote, though not a pauper ; but, from the fact that Mr. A. has a 
vote, 1 am able to infer that he is not a pauper. (2) There would 
bo nothing absurd in maintaining that the dootrines of Natural 
Selection and of Utilitarianism are both false; but from my cmi- 
vietion that the former is true, 1 derive the conclusion that the 
latter ift not » 

4. What is meant by Disjunctive Syllogisms, and what conclusion 
oan be drawn from them ? Give examples. 

fi. Is it possible to apply distinotioiui of figure either to Hypo- 
thetical or Disjunctive Syllogisms? 

6. Consider the following argument-^Those who agitate for the 
franchise do not deserve it and those who do not are iiidifiereht. 
It should not therefore be conferred. 

7. Construct in symbols a Trilemma corresponding to eafsh cd the 
four kinds of dilemma. 

8. What are the esaptial characteristics of the Dilemma? How 
many different kinds of Dilemma are to be recognised? 
azample (in symbols) of each. 
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Indicate the iiionb common Bourcca of fallacy in dilemmatio argu* 
inciito; with iUu.strationa. 

0. ** Tlio plan ot meeting a dilemma hy another dilemma is a 
pur<‘ly rhotoricjul device and has no logical clHcaciy.” Commoit on 
this and gi\o illiislrutions. 

10. Exemplify, and analyse the dilferent kinds of Sorites. 

11. Classify the following and examine their validity - 

(a) Those who have shall not receive ; those who do not 
receive <lo nob want. 

(/j) If we have a wet summer there is always a ginid clover 
crop. \V(i shall therefore have a poor crop tlihs year, for the 
Butnim r has be en very dry. 

(r) If the train is late, I shall miss my appointment ; if it is 
^ not late, 1 shall miss the ti*nin : hut either it will be late or not 
late; therefore, in any case, I shall miss my appointment. 

12. Kcthico the following to logical form, and say if either con- 
taina any fallacy— 

(а) Free tnvdo is a great boon to the working man, for it 
iiun cases trade, and thus cheapens articles of ordinary eon- 
Biimptifni; thia gives a greater purchasing power to money, 
whicli is t‘<[uivalent to a ri.se in real wages ; and any rise in 
real wages is a boon to the woiking man. 

(б) All thie\e.s are dishonest; all dishonest persons are im- 
moral ; some immoral peiwm-s arc not punished ; therefore, 
some Uiieves are not punished. 

CHAPTER XXIII. 

1. ** Certain individuals have a given attribute ; an individual or 
individuals roeiuble tiic former in certain other attributes ; there* 
foie Uiey rtsemblc them also in the given attribute.*’ — (Mill.) 

(>uusider whether this adequately expresses the natuie of syllo- 
gislio reasoning, 

2. Cpcm wliat grounds has it been assorted that the conoUision 
of a syllbgism is drawn, not from, bit according to, the major 
premise? Are they valid ? 

3. (I) You do not argue from bat ooJy according to the major 
premise of a syllogism. 

(2> If the major premise is not true, you oannot draw tiie con* 

* 

, Ara these statements consistent, and, if so, in what so^? 
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4. (a) Explain carefully what you oonoeive to be the function in 
a syllogism of the major and minor premise respootively, and 
briefly examine the contention that when the major premise is 
admitted the oonclusion is asserted. 

(b) Prove that if tho middle term of a syllogism ie twice distri- 
buted, the conolusion must be particular. 

5. If tho conclusion of an inference is implied in tho preniises, 
can it give new knowledge? Discuaa with special reference to 
Induction. 

6. Determine the oharaoter and form of the following argu- 
ments — 

(а) X lies to the south-east of Z, being due south of Y, which 
is due east of Z. 

(б) A is taller than C, being taller than B. * 

7. Examine the following : All strictly formal reasonings can l>e 
reduced to the syllogistio form. 

8. Examine Mill’s view that the Syllogiam* considered as an 
argument to prove its conclusion, is a P^Uitio Prtncipii, 


CHAPTERS XVII. XXiri. 

[ The foltowmfj exerci/^es sfunifd be worked when the complete doctrine 
of the ayllogi^m has been mastered, ^ 

1. Put the following arguments as far as possible into logical 
form, examine their validity, and name any fallacy you may 
di8oovcr--> 

(i) He must be a Sootebman, for no Sootchmaii can see the 

force of a joke. * 

(ii) Partnerp in the same enterprise have the same interest. 
How then Can there be antagonism between my wfirkmen and 
me? 

(iii) Only if an officer is cool-headed does be deserve the 
cflitef command, and as this officer has not been tbonght worthy 
of the appointment, we may oonolude that be is not cool- 
headed. 

(iv) The king, by the oonstitution, can do no wrong* and 
therefore he is not rightly subject to praise or blame, 

2. Examine teohnioally the following argnmeats-f- 

(a) Alt men have equal rights ; tkmfore, if A. has a right 
to iWO a year, B. has a right to £500 a yean 
i.Im 


81 



482 


QVaaTtOKS AND KXEECIBBS. 


(6) The great majority of [)ersuns who have had small |)0X 
have been vaooinated ; thcrofun*. vaccination can have no cfh- 
caoy 08 a preventive of sniaU pox. 

(c) Attention is a reflex act and is determined by interest. 
Now a reflex net may be defined as one that is deterinined by 
a physical .stimulus. Therefore, interest is a pliys cal stiinuliis. 

3. State the following arguments in s^dlogistic foiiii, and examine 
their validity - 

(a) It is too cold hero for this plant to grow. 

(h) Some slatesrncn are also authors; for such ate Deacons- 
field, (lladstono, Balfour, and others. 

(r) The literary style of theso two books is similar, and 
therefore tlu'y are prolmbly by the same author. 

^4. State the following arguments in syllogistic form whore 
t>osHible, and examine their validity — 

(a) If a man be rightly entitled to the product^ of his labour, 
then no One ean bo rightfully entitled to anything which is 
not the produce of his labour. 

{h) Poetio genius and seientifio ability are perfectly com- 
patible, as the instance of (loetho jirnves. 

{c) M is the only jKjasiblo cause of P ; if therefore we find 
P occurring, we may be sure of th»^ presence of M. 

{d) It is useless to give advice ; for if a man is wn^o he will 
not nootl it, and if ho is not i^iso he will go his own way. 

5. Kxaiiiine the following: - (1) Reason is identical in nature 
wherever it is found, and all men are rational, therefore all men 
should be treated os equal. {2) To make n grxxl I bargain is an 
advantage, therefore the more giod bargains we make the l)etter. 
(3) A person found guilty by a jury may be innooeiit ; John Jones 
has been found guilty, therefore bo may be innocent. (4) Do not 
interfere. For U he means to do wrong he will do it, and if he 
means to do right your interferonoe will l>e impertinent. 

6. Examine the following arguments- - 

(1> P* i» a very bad marksman ; hence it is safest to stand 
in front of the object he is aiming at. 

(2) The truly brave are never bullies : hence all bullies are 
oowords. 

(3) Wisdom is inseparable from benevolence : hence all bene- 
volent persons are wise. c 

(4) Ofau may smile and smile, and be a villain ; my friend 
Smith is ooastantly smiling : therefore he may be a villain. 



^UKSttOIfS AKD lBXSB0ia«8. 488 

(5) This regiment behaves bravely in action ; tberafore it 
mnst be composed of brave men. 

(6) B. condemns Na))(jlcun anfl Caesar. But Napoleon and 
Caesar are great men ; therefore he oondcmns great men. 

7. Express in syllogistio form and examine the following argu- 
- ments, naming the fallacies which you may dotect>- 

(1) Idiots cannot be men, for man is a rational being. 

(2) Everybo<iy is benefited by a University training, Uiere- 
fore it would be a good thing if everybody hod a University 
training. 

(3) Trespassers will be prosecuted. But if there are none, 
none will ho prosecuted. Therefore somebody will trespass. 

(4) Apart from ex£>ericnco due to the state of the internal 
organa of the body, emotion can have no existence. TheruforS 
emotional consciousness is wholly constituted by those ex];>er> 
onces. 

8. Reduce to syllogistic form (giving mood and figure) and ex. 
amine the validity of U»e following arguments— 

(а) Everyone must be either a socialist or a free* trader ; but 
there are no free-traders who are i>e86imi8tio ; hence it follows 
that only socialists are pessimistic. 

(б) Few soldiers can be considered heroes ; for anyotio who 
is incapable of fear must be accounted a hero, and but few 
soldiers can be said to be incapable of fear. 

(c) Englishmen admire all who are successful ; they must^ 
therefore, admire some persons who are (lolitically dangerous, 
for assuredly there are some successful persons who are politic- 
ally dangerous. 

9. Examine the following, explaining what the obaraoter of the 
argument is, stating it in logical form, and desohbing it by its 
logical name, whether fallacious or not— 

(а) It is difficult to understand why a statesman should lay 
himself open to the charge of little mindedness by harfung upon 
his oonsistency, which it is well known is the failing of little 

. minds. 

(б) I am aooused of inciting to sedition hy the address wiuah 
1 d^vered to the meeting. But there is ncfbo&e num patent 
at the meeting who, if my remarks had beeii sddmied to him 
privalely, would have been moved to disloyaltjlr^* ^ ^ 

(e) **To prove continuity and the pmigbssslve divalopiiient 
of the intellectiial faoultiee from aniiDa|i,to roan ia not the same 
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M proving that these qualities have been developed by natural 
selection. Because man's physical structure has developed 
from an animal form by natural selection, it does not neces- 
sarily follow that his mental nature, though developed pari 
passri with it, has been developed by the same cause only.'* 

10. Test the following arguments and name any fallacies they 
may contain — 

(i) Ill-managed business is unprofitable. Railways are never 
ill-managed. Therefore all railways are profitable. 

(ii) A vacuum is impossible, for if there is nothing between 
bodies they must touch. 

(iii) The governor of a country ought not to be blamed for 
using his influence to further his religious views, for eveiy man 

* has a right to inculcate his own opinions. 

11. Set out the course of the follow'ing, bringing out the character 
of the argument and counter- argument, and stating that as far as 
possible in logical form— 

** Schoolmasters speak of the disciplinary value of the olasaios (as 
giving them a superiority over the mother tongue). They are apt 
to forget that our teaching of Latin comes from a time when Latin 
was used as a real substitute for the mother tongue — when it was a 
living language. There is no need in any way to belittle the utili- 
tarian or disciplinary advantages of teaching foreign languages, 
ancient and modern. They have at any rate one fundamental use 
in enabling children to distinguish between words and ideas, since 
the same idea is translated in different languages by different words. 
But to a large number of our children they must remain inacces- 
sible ; and in any case tlie teaching of a foreign language can as 
little replace the teaching of the mother tongue as a finger can 
replace the use of the hand." — (Hartog. The Writing of En^iA,) 

12. Examine the following arguments : express tbem where 
podsible in syllogistie form : supply any premises or oonolusions 
which are implied but not expressed : give the figure and mood of 
valid sy^ogisttis, and, if fallacy occurs, determine its nature. 

(a) ** With regard to the high aristocratic spirit of Virginia 
and the semthem colonies, it has been pr<^K)fied, I know, to 
tedttoe it by declaring a general enfranchisement of their slaves. 
This projeot has had its advocates and pauegyrists ; yet I never 
could argae myself into any opinion of it. Blave% are often 
miioh attached to their maaters. A general wild oflbr of liberty 
would not always be accepted. History f aniiahes few instances 
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of it. It is sometimofl as hard to persuade alaves to be free as 
it is to compel freemen to be slaves ; and in this auapioiouB 
scheme we should have both these pleasing tasks on our hands 
at once. But when we talk of enfranchisement^ do we not 
perceive that the dmerioan master may enfianchise too ; and 
arm servile hands in defence of freedom ? A measure to which- 
other people have had recourse more than cmce, luid not with- 
out success, in a des]:>erate situation of their aflfairs.” — (Burke. 
On Conciliation with the American Colonies.) 

(b) »‘THK DANtJKR OK TOUCHING THE PRESS IS 
THE DIFFICULTY OF MARKING ITS LIMITS My 
learned friend, wlio has just gone out of Court, has drawn no 
line and unfolded no principle. He has not tr>ld us. if this 
book is condemned, irhat b(K>k may l>e written. If 1 may not^ 
write against the existence of a monarchy, and recommend a 
republic, may 1 write oguinst any part of the Government T . 
May 1 say tliat we should be better without a House of Lords, 
or a House of Commons, or a Court of Chancery, or any other 
given part of our establishment ? Or if. as has been hinted, a 
work may be libellous for stating even leffol matter with sur- 
castic phrase, the difficulty becomes the greater, and the liberty 
of the press more impossible to define.*’ — (Henry. Lord Erskine. 
Speech on hehaif of Thomas Paine.) 

(c) ** Franco has a representative government ; and as the , 
unjust privileges of the clergy and nobility are abolished ; as 
she is blessed with a most wise, clear, and simple code of laws ; . 
as she is almost free from debt, and emancipated from odious . 
prejudices, she is likely to prove an example and a light the 
world.” — (Daniel O’Connell. fijpcccA at a Meeting to Heecver 
Catholic Rights.) 

id) Those are our present prospects of Buooesa. First, man 
is elevated from slavery almost everywhere, and human nature 
has become more dignified, and. 1 may s^, more valuable. 
Secondly, England wants our cordial support, and knows that 
she has only to secede to us justice in order to obtain our. 
afiectionate assistance. Thirdly, this is the season of successful 
petition, axid the veiy fashion of the timea enHtlea our petition, 
to socoeed. Fourthly, the Catholic cause la dlsenoumbered of 
iidllow friends, and interested speouUCors. Add to tbase. 
the Alive and inherent strength of the prinoiide of religions 
freedom and the inert and aecuraulating weight of our wealthy 
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our religion and our numbers, and where is the sluggard that 
shall dare to doubt our approaching sucoess T ” ' — (O'Oonnell, 
ibid.) 


CHAPTERS XXIV.. XXV. 

1. Explain the general process of inductive reasoning, and de- 
sorilK) its aim. 

2. Distinguish induction from deduction, and contrast popular 
with scientific induoiion, so as to bring out the chief defects of the 
former. 

3. Discuss the part played by deductive inference in inductive 
enquiry. Are wo justified in supposing that every inductive 
enquiry must contain some deductive element? 

4. What is meant by describing induction as the inverse process 
of deduction? Compare this with other accounts of inductive 
reasoning, 

5. How would you express the T^aw of Causation? Examine the 
definition of Cause as the invariable and unoonditional antecedent. 

6. Define a Uniformity ; and explain how Uniformities can bo 
classified. Give illustrations. 

What is meant by saying that “ Uniformity pervatle.? Nature ” ? 

7. Inquire into the possibility of regarding the principle of the 
Uniformity of Nature as an induction from experience. 

**lf we ask what is involved in the conception of a cause ,7iof 
acting uniformly, wo shall see that it is the same as denying the 
existence of causal connexions altogetlicr."’ Discuss this. 

8. What do you take to be the ultimate principle upon which 
inductive reasoning is based ? What kind of justification would you 
offer for the principle in question ? 

Comment on the following: — **The oontrary of every piatter of 
fact is still possible ; because it oan never imply a contradiction. 
That the sun will not rise to-morrow is no less intelligible a 
position, awl implies no more contradiction, than the afiSrmation, 
that it wiii rise.’* 

9. What dififeront meanings do the logician the psychologist 
respectively attach to the question, ** What is causal oonnexion?” 

10. OoiM^der carefully wliether the cause of the fall of a stone 


^ The extracts from speeches ~(a) to (<f)--are taken fron^PoiUtcol 
OhtHoMf ed. by William Clarke. 




^ITBSTIONS AND EXER0I8E8, 


487 


would be more oorreotly Mid to he (a) the earth, or (6) the force of 
gravitation, or (c) the previous process of raising the stone to the 
position from which it falls. 

11. Is it necessary that a ratise, as Science understands the term, . 
should 1)6 (a) antecedent to its elTuot, [h) immediately antecedent? 
Discuss the view that one and the same efle<*t may pnKieed fti»ni a 
iiuinlier of aliornativu causes. 

12. What difTerent kinds of conditions liavi* to he considered , 
when we Hi>eak of the cause of an event as the sum total of tlie con- 
ditions upon which the t)courrencc of the event depends? 

13. iKdine piecisely w'hat Science understands by the Cause of an 
event, and ilUistrate your d(‘fiiiition hy a tyjiical example of causa- 
tion as determined hy experitnent. 

What is the relation of the HCientiflc oonccptioii of Cause to tl^c 
conception of Cause as the sum-tc»tal of the conditions on the occur- 
rence of which the event depends ? 

Can you account for the divergence between the scientifio and 
popular views as to the Cause? 

14. “ The Uniformity of Nature is the ultimati* Major PremiRe 
in all Induction.” — (Mill.) Explain and disouss this statement. 

CHAPTERS XX VI.. XXVII. 

1. To what extent do (a) unintentional inference and (h) selective 
interest enter into the process of scientific olmervatioii ? 

What precautions must bt* taken in observation and experiment 
to avoid error ? 

2. How does Experiment differ from Obsor\atif»n ? Is tb© differ- 
ence fundamental ? Show the dependence of Observation orj pre* 
vions knowledge and in what sense it always involves inference. 

3. “ Bixperiifuent is alway.s pjoferable to observation.” Why is 

this ? Explain also from the example of any soienccs hc^w observa- 
tion and experiment supplement each other. i 

4. Examine the relation or distinction lielwcen (a) Experiment 
and the use of Instruments of Observation. Give examples 
showing the utility of eacli. 

5. What is the logical character of the appeal to ** the testimony 
of the senses ” ? Does this testimony really bear witness to the 
motion of the sun relatively to the earth 7 

6. Iiftioate the special (jrrors to wdiich observation and experi- 
ment are liable- Give illustraticmi. 
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7. Examine how far Ix)gio can afiftist ns in avoiding the fallacies 
of Non'ohservation and of Mahobservation. Distinguish these 
fallacies from errors of observation, and explain how the latter con 
be eliminated by systematic experiment. 

8. Discuss the place and importance of testimony in (a) histcny, 
(h) |>liysioal science. 

9. If hve witncHses swore to a prisoner’s presence near the scene 
of crime, and only one swore to an alibi, would that be sufficient to 
prove the falsity of the latter assertion ? 

10. What are the general tests of the trustworthiness of 
testimony ? 

11. Discuss the statement that for the purposes of history a man 
writing thirty years after an event is not necessarily in any better 
po^titiori than a man writing three hundn^l years later —indeed is 
often less able to trace the course of events with accuracy. 

12. Wlmt is the justification of textual criticism as a branch of 
historical enquiry ? 

13. *‘It doesn’t matter wl.o wrote the book, nor when it was 
written : read it for its elements of permanent value.” How far 
can the historian accept this attitude ? 

14. Examine critically the following argument — 

“ What a Iwirrister calls his * case,’ his theory or explanation, is a 
single and organic thing. It is a story. If the tale is true, it is 
coherent. If the tale is false then some other tale is true ; one we 
do not know ; one perhaps very different ; one possibly that we can- 
not even imagine. But the clinching point is this. Until we know 
that other tale which is true we cannot tell how much of the first 
tale is false. That any of it is false is a reason for digging deeper. 

But all of it may be false. Whatever it was that tainted the 
admittedly tainted evidence may also taint the apparently un^ 
touched evidence. We cannot tell till we know what tke taint 
was. Until we know why Jones, Brown, and Robinson lied we 
cannot be sure that Smith is telling the truth.” 

(O. K. Chesterton, in Daily iVcw#, April 12, 1911.) 

CHAFFERS XXVm..XXlX. 

1. It is said that all induction depends on hypothesis. How far 
is this true ? 

'When may a hypothesis be regarded as establisfacd f 

2. Examine and illustrate Uie oharaoteristios of hypothesis as a 
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oonsdoiiB procefts of noicntifio investigation. Show that 8 rejected 
hypothesis need not necessarily have hoeii frnitle.ss. 

H, Exemplify various ways in which hypoUieses are suggesied, 
and explain why ik) rules oan l>e given for their formation. 

4. Indicate clearly the nature and the place of hypotheais in soi- 
eiitifio investigation. State and illustrate tlie conditions to which 
a legitimate hypothesis must oonforin. 

<). Distinguish between a working hy|K)ihesiH and an established 
hypothesis, so as to bring out the conditions upon whi^jh the latter 
depends. 

0. A Hypothesis is sometimes defined as ^'agenoralisation adopted 
on avowedly insufficient grounds.*’ Comment on this defmitiotii 
and inquire whether any other meaning can l)c attached to the term 
Hypothesis. • 

Why have Hyiiothesos (os above defined) any utility? 

7. Describe indiictw per enumerationem simpHctniy indicating its 
mode of origin and the pi*ooesfl of thought that seeniB to be implied 
in it. 

8. What is* the nature of the argument from Analogy ? How 
would it be expressed in syllogistic form ? Can it ever be regarded 
as conclusive ? 

Show, with illiihtrations, the place of analogical reasoning in the 
process of soientiHo discovery. 

9. Define the true place of analogical reasoning in scientific ex* 
plauation. How would you differentiate a sound from an unsound 
analogy? Give illustrations. 

JO. What is the connexion between the argument from analogy 
and the process of eiiunierative induction ? 

11. What is the logical force of the following?— , 

(a) *VDuring the reigns of the kings of Spain of the Austrian 
family, whenever tliey were at a Uwh in the Spanish' councils, 
it was Ofimmon for their statesmen to ray that Uiey ou^t to 
consult the genius of Philip the Second. The genius of Philip 
the Second might mislead them ; and the issue of their affairs 
allowed that they had not chosen the most perfect standard. 
But, Sir, 1 am sure that I shall not be misled, when in a case 
of constitutional difficulty, 1 consult the genius of ilie English 
constitution.” — (Burke, On Cmirilintim with the American 
Ccimka,) 

England has a democratic franchise, therefore India 
should have a democratic franchise too. 
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(c) ** I have somewhere reocl, I think in Sir Walter Raleigh’s 
Ilifitory of the World, of a most bloody and fatal battle whicli 
was fought by two opposite armies, in which almost all the 
combatants on both sides were killed, ‘ because,’ says the his- 
torian, ' though they had offensive wea{>ons on both sides, they 
had none for defence.* 8o, in this war of words, if we are to 
iiMO only offensive weapons, if we are to indulge only in invec- 
tive and abuse, the contest must be eternal.”-— (Charles James 
Fox, (hi the. French Overiiiret^ for Peace, Feb, 3rd, 1800.) 

(d) All the great empires that have ever existed have lost 
their position of eminence, hence no great empire in the future 
will maintain its supremacy. 


CHAPTERS XXX. -X .XXL 

1. Describe the main preliminary processes or assumptiona that 
have to lie riuulo before practically applying such metlK)dH of Induc- 
tion as have been formulated by Mill. 

2. What are the so called Inductive Methods, and what is their 
use? Explain, with an illustration, the Method of DifiTercnco, and 
oonti'ast the principle upon which it proceeds with that of the 
Method of Agreement. What is the connexion between it and the 
Method of Concomitant Variations? 

3. Examine and conip^iro Mill's Method of Agreement,'’ 
“Mebhml of Difference,” and “Joint Methorl,” so as to show how 
far each possesses complete logical cogency. 

4. Show exactly how Mill’s Method of Agreement differs from 
Simple Enuineration. 

On what preBupiK)8itions is the former MetluKl applicable ? What 
are its defects, and its utility, in scientific discovery ? « 

5. Explain precisely (with an illustration) the principle of the 
Method of Difference, contrasting it with that of the Method of 
Agreement^ What deiects are there in the former and how <3an 
they be overcome ? 

6. Bring out the importance of the negative instance in the ex- 
perimental methods, and [loiiit out under what circumstances it 
ceases to bo available. 

7. Illustrate Die maxim : In experiment one circumstance only 
should be varied at a time. Explain the reason of this maxim, and 
point out the practical didiculDes in carrying it out. 
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8. How.4oes inductive enquiry deal with the difficulties due 
(a) to counteracting influences, (&) to exceptional phenomena ! 

What does Science understand by an ** exception to a law 
nature ” ? 

9. “A perfect experiment establishes a law,” On what grounds 
is this certainty of inference from experiment rested ? Point out 
the difficulties in the way of securing data of tlie kind required. 

10. What is meant by the IMurality of Causes ? What difficulty 
in applying the methods of induction arises from (he Plurality of 
Causes, and how far and in what way can the difficulty l)o met ? 

11. Explain, with examples, the Method of Concomitant Varia- 
tions, showing the presujqmsi lions under which it can bo applied, 
its logical character, and its relation to the Method of Difference. 

12. Explain the Mothml of Concomitant Variations. Give ex- 
amples of cases where its application is cspecaally profiiablo, and 
point out the limitations attaching to its use. 

13. What special kinds of reasoning are involved in the establish- 
ment of quantitative uniformities? (such as the formula which 
connects the volume with the temperature of a bcxly, or that of 
gravitation according to the inverse square of the distance.) 

14. What do you consider to be the main function of the Method 
of Residues? 

15. Examine the relation lietwccn the ‘direct’ and ‘indirect’ 
methods of inductive enquiry. 

16. How far are the direct methods of inductive enquiry correotly 
described as methods of elimination ? 

17* Why are social phenomena so difficult to treat scientiflcally? 
What methods may be employed in treating them ? 

18. Desoribe the so-calM “ Deductive Method,” and explain f(jr 
what kinds of subjects it needs to be used in contrast with the so- 
oall^ experimental methods.” 

19, “In worms the sense of smell apparently is confined to the 
perception of certain odours, and is feeble. They were quite in- 
different to my breath, as long as I breathed on them very gently. 
This was tried, because it appeared possible that tlicy might thus 
be warned of the approach of an enemy. They exhibited the same 
indiflerenoe to my breath whilst I chewed some tobacco, and while 
a pellet of ootton-wool with a few drops of millefleurs per.ume or 
of acetic acid was kept in my mouth. Pellets of cotton- wool soaked 
in toll^cco juice, in millefleurs perfume, and in paraffin, were held 
with pinom and were waved about within two or three inohef of 
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several worms, but they took no notice. On one or two oooasions, 
however, when acetic ac^id had been placed on pellets, the ufonns 
Appeared a little uneas^r, and this was probably due to the jrri^tion 
of their skins. The perception of such unnatural odours would be 
of no service tci worms ; and as such timid oreatUres would almost 
certainly exhibit some signs of any new impression, we may oonolude 
that they did not perceive these odours.” — (Darwin, Earthworm^,) 

Analyse tlie above passage so as to bring out the inductive 
character of the process by which the conclusion is reached. 

2(J. Wealth is greatly increased by the change from prodnetSon 
on the small to production on a large scale, by the introduction of 
niaohinory and the division of labour. This holds equally if we 
compare a railway with a stage coach, or a coach with a pack horse ; 
a cotton mill with a spinning-wheel, or a spinning-wheel with a 
distaff and spindle. Under every fotni, at every stage, add in 
every period, wealth has been increased by improved ^nd extended 
cn-oporation l)etween human lioings. This complex co-operation of 
many-sided individual effort, then, appears as the main-spring of 
industrial progress. Where it is not we have stagnation-^primitive 
barbarism ; where it is found, in whatever form or degree, there by 
one means and another industry is improved, and the material side 
of life made perfect.” 

Analyse the above example of inductive reasoning, point out 
wliat inductive method is employed, and consider whether the eon* 
elusion is or is not oompletely established. 

21. Analyse logioally the following passages, indicating the 
methods of reasoning employed, and estimating the logical validity 
of the oonclusioDS drawn- 

la) ** The general rule among vertebrates, os regards ooloor, 
is for the two sexes to be alike. This prevails with only a few 
exceptions, in fishes, reptiles, and mammalia ; but in thirds 
diversity of sexual coloming.is exceedingly frequent,, stud is 
not improbably present in a greater or less degree In more 
than half of the known species. . . . The most fundamental 
oharaoter&tio of birds from our present point of view is a 
greater intensity of colour in the male. This is the ease in 
hawks and faloons ; in many thrushes, warblers, and finches ; 
in pigeons, partridges, rails, plovers, and many others. . . . 
It is in tropical regions, where from a variety of eansee colour 
has been developed to its fullest extent^ that we fi^id Uie%oet 
^markable examples of sexual divergenoe of colour. The moat: 
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gorgeomly oolcmred birds known are the birds of paradise* 
tb^ ehatterers, the tanagers, the humming birds* and the 
phe^sa^t-tribe, inoluding the peacocks. In all these the 
females are much less brilliant* and, in the great majority of 
cases, exceptionally plain and dull coloured birds, , . . The 
reason of tliis phenomenon [the dull colours of female birds] is 
not difficult to find, if we cunaidor the esHoniial conditions of 
a bird’s existence, and the most important function it has to 
^ fuldl. In order that the species may bo oontinued, young 
birds must bo produced, and the female birds have to sit 
assiduously on their eggs. While doing this they are exposed 
to obserx atiun and attack by tho numerous devourers of eggs 
dnd birds, and it is of vital importance that tliey should be 
protectively coloured in all those parts of the borly whiolf are 
exposed during incubation. To secure this end all the bright 
colours and showy ornaments which decorate tho male have 
not been acquired by the female, who often remains clothed in 
the sober hues which were probably once common to the whole 
order to which she belongs. . « • This principle. is strikingly 
illustrated by tho existence of considerable numbers of birds in 
which both sexes are similarly and brilliantly coloured,— in 
some coses as brilliantly as the males of many of the groups 
above referred to. . , . When searchifig for some cause for 
this singular apparent exf^eption U) the rule of female proteo 
tive colouring, 1 came upon a fact which Ijeautifully explains 
it ; for in all these cases, without exception, the species either 
nests in holes in the ground or in trees, or builds a domed or 
covered nest, so as completely to conceal the sitting-bird. . . . 

It has been objected that the domed nesto of many birdk are as 
conspicuous as the birds themselves would be, and would, 
therefore, be of no use as a protection to tho birds and young. 
But^ as a matter of fact, they do protect from attack, for 
' hawks or crows do not pluck such nests to pieces, as in doing 
BO they would bo exposed to the attack of the whole colony. 

. . . Such birds as jays, crows, mag{>ie8, hawks, and other birds 
^ of prey, have also been urged as an exception ; but these are all 
aggressive birds, able to protect themselves, and thus do not 
need any special protection for their females during nidifica- 
k^OQ.’*-‘-<WaUaoe, Darwinwm^ pp. 275'281.) 

{b) Lavoisier, ressoning with himself on the cause of tlie in- 
crease of weight in metals after caloinatioii, argued as fellows ; ^ 
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Mf the inoreasc in the weight of metals oaloine4 ui olosed 
vessels is clue, as Boyle had thought, to the addition of the 
matter of the flame and the fire which penetrate tlip pores of 
the glass and combine with the metals, then it follows that on 
introducing a known wetglit of metal into a glass vessel and 
sealing this hermetically, determining the weight exactly and 
then proceeding to calcination by a charcoal fire— just as Boyle , 
had done— and then finally after calcination, before opening it, 
again weighing the fumio vessel, this wciglit roust be found 
augmented by that (if the whole quantity of fire matter which 
had Ikhui inir(Hliin(*d during calcination. But if, said 1 to 
myself, the increase in the weight of the metal (^alx is not due 
to the addition of fire matter nor of any other extraneous 
*nialter, but to a fixation of a iiortion of the air contained in 
the vessel, the whole vessel after eidcinaliou must lie no heavier 
than liefore and must merely be partially void of air, and the 
inorotise in the weight of the vessel will not occur until after 
the air reipiired has entered.’*' Two experiments were made 
with tin. In the lirst a small retort was used : in the second a 
large retort. The same quantity of tin— 8 oz.— was used in 
each case. In Inith retorts a residue of tin remained after 
heating. The change of weight in the retort and its contents 
duo to heating alone was (1) *27 grains, (2) 1 grain. The in- 
crease in weight of the tin on oaloination was (1) 3*12 grains, 
(2) 10 grains. The weight of air which took the place of that 
abtKirb^ in oaloination came out at (1) 3*13 grains, (2) 10*06 
grains. Lavoisier concluded that (1) 'in a given volume of 
air only a fixed quantity of tin can be oaloined.’ (2) This 
quantity is greater in a large retort than in a small one. (3) 
The hermetically sealed retorts, w'cighod before and aft^r tlie 
oaloination of the tin oontained in them, sliowed no difference 
of weight, wdiioh evidently proves that the inoreswa^in^ weight 
of the metal arises neither from the fire matter nor from any 
other matter extraneous to the vessel. — (Freund, ofk ci^., 
pp. 47-49.) 

(c) Bentley rejected the EpUUes of Phalatia as forgeries 
He proved that " if the Epistles so belauded were true, Phalaris. 
had borrowed money from men who lived 300 yeare after his 
death, had destroyed towns that were not founded, and eon- 
quered nations that had no names : that he had overtiimed the 
ohronology of Thuoydides and Herodotus and proved their 
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hivtortes itteze fabta ; that he had transposed the events of hie 
own day wiA those that happened long after he was dead : 
and dnally that he had written in an Atlio dialeot which no 
man used during his lifetime, and which boro no resemblance 
to that which he, a Dorian, could have used.’^ — (Craik, Lift of 
Jonathan Srviff, Vol. I., p. 88,) 

(d) “Wages arc ncocHBarily deternnne<l by the minimum that 
is absolutely necessttry for the HupiMtrt <if tiic lalK>iir©r and his 
family. . , « If we take this theory lit-erally as meaning that 
the work man *8 wages can never rise above what ho almolutely 
requircK to live on, it is niuuh too posHimistio and is manifestly 
contrary to facts. The purely iiiiiterial wants of life are, on 
the wliolo, of relatively little consequence. Irisli and French 
peasants find it possiUlo to live on next to nothing. If^ th«n, 
the indispensable riiinininm for the bare supfiort of life consti- 
tuted an ‘ iron law of wages,* innumerable common*i>laco foots 
would be inexplicable. Why is the rate of wages not the same 
in all trades ? Must an engraver or a skilled mechanic consumo 
more forKl-stuffs, more nitrogen and carlxm, than a stono- 
breakcr or a street' oloancr ? Why, moreover, are wages higher 
in the United States than in France, (ieriuaiiy, or England? 
Is there any physiological reason why an American should eat 
more than on EngliMhinan, — despite the fact Ix^tli <»f them 
belong to the same race ? Why are wages liiglicr to-day than 
a century ago, — a fact which is Ijeyond all question? Have we 
greater appetites than our forefathers? Again, why are the 
wages of farm labourers lower in winter, when they arc obliged 
to spend more for heating and clothing, than in summer, when 
food is BO oheap and life in the country is so easy that VicUir 
Hugo Oallfl this the ^ poor man's season * ? ** — (Gide, /Principles 
of ficlUicai Economy, Eng. Trans., pp, 502-503.) 

. (e) All acids contain oxygen. On this assumption the com- 
binoHon of ammonia, which does not contain oxygen, with 
hydrochloric acid would give as one of its products water 
wllliih does contain oxygen. Hence the oxygen would have 
been present previously in the hydrochloric acid. But when 
the experiment of combining the two substances was made in 
1812 it was found that no more than a slight dew was formed 
wluolk was sufficiently accounted for by unavoidable imper- 
feotioDS fn oarrying out the experimmit. Therefore hydro- 
chiorio add does not contain oxygen, and the initial aiBumption 
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is disproved. —(Cf. Whewell, IliUort^ qf the Indwthjt SctencMp 
Vol. IIL, p. 124.) 

(/) Faraday invented an instrument to measure the amount 
of eleclrolytical action when substances are decomposed by 
means of electricity. this instrument^ the amount of 

action was moasiired by the quantity of water decomposed : 
and it was necessary in order to give validity to the mensuration, 
to show (as Faraday did show) that neither the size of the 
electrodes, nor the intensity of the current, nor the strength of 
the acid solution which acted on the plates of the pile, disturbed 
the accuracy of this measure. He proved, by experiments on 
a great variety of substances, of the most different kinds, that 
the electro- chemical action is definite in amount aocording to 
the measurement of the new instrument.”— (Whewell, op. cU., 
Vol. III., pp. 144-145.) 

iy) It was at one time **a current opinion in science that 
tile smallest bubble of oxygen or of air which might come in 
ooiitaot with a preserve would be sufhoient to start its decom- 
position.” To this it was objected : ** ‘IIow can the germs of 
miorosoopio organisms be so numerous that even the smallest 
bubble of air contains germs capable of developing themselves 
ill every organic infusion ? If such wore the ease the air would 
be enouinbered with organic germs.* M. Pouchet said and 
wrote that they would form a thick fog, as dense as iron.” 
Was the assumption true? Pasteur prepared a series of bulbs 
half-filled in each case with a liquid which would very readily 
allow the appearance of miorosoopio organisms. The liquid 
was boiled, the air expelled, the bidbs sealed. When the 
sealed end of a bulb was broken off, air was immediately ad- 
mitted, and the bulb could then be sealed up again. Under 
these oiroumstanoes a change in the liquid oould bc readily 
observed. Pasteur showed that in every place where the ex- 
periment was earned out a certain number of bulbs would 
esoap^ alteration. If, however, a room were dusted or swept 
the liquid in all Uie bulbs to which the air was then admitted 
beoame altered owing to the great quantity of germs raised and 
remaining suspended in the air. In towns most of the bulba 
showed alteration. Of twenty opened in the country far from 
all habitations and then sealed again, eight oontained o^pganised 
{UX)duction8 : of twenty openqd on the heights ol the Jura, five 
only were altered : of twenty opened at a muoh greater altitude 
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in the vicinity of a glacier from which a strong wind \ra» 
blowing, one alone was altered. Pasteur’s conclusions were as 
follow 6 : ** More thickly spread in towns tlmn in the oountryi 
the germs become fewer in proportion as they recede from 
human habitations. Mountains have fewer than plains, and at 
a ceitiiin height they are very rare.” — (From Louis Pasteur^ by 
his 8on-in-Law, Eng. Trans., pp. 105*107.) 

(70 ** When those who were m the secret had decided on the 
time and place of the poison 'ng, iSejanus, with the most oon> 
suiumato daring, reversed his plan, and, whispering an aocu* 
sation against Drusus of intenclmg to poison his father, warned 
Til>enus to avohl the first draught ollerod him as ho was dining 
at his son’s house. Thus deceived, the old emperor, on sitting 
down to the banquet, took the cup and honied it to Driisuift 
His suspicions were iinneased when Drusu-s, in perfect unoon- 
sciousiicHS, drank it oil* with youthful eagerness, apparently, out 
of fear and shame, bringing on himsolf the death which ho had 
plotted against his father. — These jMjptiLir rumours, over and 
above the fact that they ar-e not vouched for by any good writer, 
may l)e instantly refuted For who, witli moilcrato prudence, 
far less Tiberius with his great experience, would liave thrust 
destruction on a son, without even hearing him, with his own 
hand too, and with an impossibility of returning to better 
thoughts. Surely he would rather have had the slave who 
handed the poison, tortured, have soii;^'ht to discover the 
traitor, in short would have been as heMitatiiig and tardy in 
the case of an only son hitlierto unoonvicted of any crime, as 
he was naturally even with strangers. But as tSejunus liad the 
credit of contriving every sort of wickedness, the fact that»ho 
was the emperoFs special favourite, and that both were hated 
by the rest pf the world, procured belief for any rnoiiHtrous 
fiction, and rumour too always has a dreadful side in regard to 
the deaths of men in power. Besides the whole process of the 
orime was betrayed by Apicata, Bojaniis’s wife, and fully di« 
vulged, under Uirturo, by Eiidemus and Lygdus. No writer 
has been found suiiiciently malignant to fix the guilt on Tiberius, 
though every circumstance was scrutini.sed and exaggerated.” 
— (Taoitus, Annales^ Bk. iv., 10, 11. Trans, by Church and 
Brodribb, p. 118.) 
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CHAm:RS XXXIL XXXIII. 

1. If a logicjiaii IioIcIh that no result of induction is absolutely 
certain, can he conHistently still distinguish between inductive and 
probable reaRoning? 

2. In what ways can eiTors in measurement be l)e8t allowed for ? 

3. Kxplain and exemplify the Methods of Means and of Least 
Squares. 

4. WliaL is meant by a scientific explanation ? In what way can 
we explain (1) facts, (2) laws of nature? 

5. How far is it true to say that explanation is the ideal of 
science ? 

^ (}. DiHousH the connexion lictwecn the scientific explanation of a 
^ 11000010111)0 and the assignment of itsS cause. 

7. “ The object of Hcienoe is explanation.” 

“Science never explains; she only reduces complex events to 
simple ones of the same kind, as when she deals with certain 
phenomena of inagneti«in by supposing every ultimate atom of the 
substance to act as if it were a magnet,*’ 

Carefully consider these statements. 

8. Bring out the logical peculiarities of mathematical reasoning, 
and enquire whether it is radically distinct from other forms of 
scientific rciisoning. 

9. What is the function of statistics in scientific investigation? 

10. What is a law of nature, and what is its ditfcrence from an 
empirical law? Kxplain the use for science of the discovery of 
empirical laws. 

11. In wliat dillbrcut w'ays may a uniformity, based upon a more 

or less satisfactory induction, be confirmed by deductive explana- 
tion? Under what circumstances has a wider uniformity a greater 
certainty than a narrower uniformity ? ^ 

12. Indicate carefully the meaning of the term *law’ as 
employed in natural science. Distinguish betweea empirical laws, 
laws of nature, and ultimate laws. 

“ A truly universal law is not demonstrable truth.” Discuss this. 

13. Define the terms Fact, Theory, Hypothesis, Law, Cause, as 
used in Science. 

Ill the light of your definitions, comment on the following state- 
ment: “What is called the scientific explanation of^a fact is 
nothing more than showing it t<x be a case of a more general feot^ 
wbioh though more general, is still a fact merely.*’ 
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MISCELLANEOUS QUESTIONS. 

1. Define Judgment, Proposilion, Term, Concept ; and illustrate, 
from a logical point of view, the process of forming a concept. 

Is every general term the name of a class ? (live your reasons. 

2. Write a brief logical comment, with illustration, on each of 
the following — “ Circular Definition,” “ Proving too much,” “See- 
ing is believing,” “ The exception proves the rule.” 

8. Define the following logical terms : — Undistributed Middle ; 
Hypothetical Syllogism ; Simple Destructive Dilemma ; Enthymeme. 
Give an example of each. 

4. Explain, with illustrations, the meaning rj the following — 
relative terms, oross-division, a redundant definition, a prosyllo- 
gistic train of reasoning, a genetic definition, an ar(jinnmtnm ai 

5. Indicate, with examples, the meaning of the following terms 
in Logic : — (i) Fundaineiituni divisionU ; (ii) Strengthened syllogisms 
and VV’oakened syllogisms; (iii) He<l notion per imprmihl *^ ; (iv) Uni- 
verse of Discourse ; (v) Quantification of the Predicate. 

6. Define the following technical expressions, and illustrate in 
each case by an example —Inseparable Accident, Argument , ^ 
fortiori^ Sorites, hjnaraiio thnchi, 

7- Explain and illustrate the following Fallacies— Pcfi/io /Vin- 
cipit, A dicto eecundam quid ad dictum Mimplicifer (and the con- 
verse), Composition, Division. 

8. Write brief notes on, and illustrate, each of the following— 
* Proving too much’; * Fallacy of Many Questions’; 'Definition 
by type’; ‘Crucial Experiment.* 

9. To what kinds of Fallacy is Inductive Reasoning moat liable ? 

10. Comment on the following : “ All ao-oallcd material fallacies 
are in reafity either formal, or not fallacies at all, but mere mistakes 
in regard to mattei^of fact.” 

11. Explain, with examples, the following— A gratuitous hypo- 
thesis, ooUigatlon of facts, immaterial conditions of a phenomenon, 
predisposing and exciting causes, residual phenomenon. 

12. Explain and discuss briefly the following— (i) mathematical 
indttotion, (ii) ‘perfect’ induction, (iii) meohanioal and obemicol 
oomposition df causes, (iv) empirical laws. 

13. Wdte a short explanatory comment on (i) Intermixture of 
Effects, (ii) V€ra oausa, (iii) Coinoidanoe as distinguished from a 
real oonneetioa of facts, (iv) Nun tequitwr. 
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14. Explain, with examplea, the following — A cruoial experi- 
ment, an adequate hypothesis, an empirical law, the composition 
of causes, the fallacy of mal- observation. 

15. Make a logical analysis of the following — 

“The catastrophe in Ireland fitted in with the governing moods 
of the hour, and we know only too well how simple and summary 
are the syllogisms of a rooted distrust. Ireland was papist, and 
this was a papist rising. The queen \ias a papist, surrounded at 
Somerset House by the same black brood as those priests of Baal 
who on the other side of St. George’s Channel were described as 
standing by while their barbarous flock slew old men and women 
wholesale and in cold blocnl, dashed out the brains of infants 
against the walls in sight of their wretched parents, ran their 
ifixeans like Red Indians into the flesh of little children, and flung 
helpless protcst/inta by act>res at a time over the bridge at 
Portadowfi. Such was the reaMoning, and tlic damning oonolusiun 
was clear. Tiiia was the queen’s rel^ellion, and the king must l)e 
her accomplice. Sir Phelim O’Neil, the first leader of the Ulster 
rebellion, declared that he held a commission from the king himself, 
and the story took quick root. It is now manifest that Charles was 
at least as much dismayed as any of his subjects, yet for the rest of 
his life lie could never wijie out the fatal theory of his guilt.” — 
(John Morley, Oliver Cromwell^ p. 108.) 
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Analogous tenns, 362-365 
Analogy : and hypotheses, 358 

and prwf, ijr>8-36l ; 365 

fallacies in, 361 -^165 

force of, 358-361 

importance of resemblances in, 

358-361 

natare of, 356-358 

- — remtion fo eiiumerative induc- 
tion, 356-357 
Analysis : conceptual, 74 
distinguish^ from physical par- 
tition, 168 ^ 

in mathematics, 165-166 

logical and chemical distin- 
guished, 167-168 

method of, 162-163 

relation to induction, 175 

relation to synthesis, 168-164 ; 

f66-167; 169-171 

scientific : and divisions for 

pmposes of study, 169 
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Analytic chains of reasoning, 263 
268-269 

propositions, 41-15 

Analytical keys, 80-81 ; 84-86 
vViionymous testimony, 386 m 
Argon, 411-419 
" Argumentum A fortiori,' 276 
ad baculum,’ 193 

- ad hominom,' 193 

- ad ignorautiam,' 194 
ad populuin,' 194 

- ad verecundiam,' 194 
Aristotelian sorites, 26'1'267 
Aristotle : doctrine onnductiou, 281- 

282 

example of ‘ compositio,’ 68 

on ‘ non-soquitur,^ 195 

Artiflcial classification, 85-86 
Asqvith, H, H.: on the House of 
Lords, 196 

' Aurora Borealis ' : periodical varia- 
tion of, 388 

Averages : constancy of, 450-452 
Axioms ; character of, 183-184 

of categorical syllogism, 201-205 

undue assumption of, 18^M81 

Bacon : on bias in observation, 322 

on reason and words, 60 

on simple enumeration, 282 

‘Barbara,’ 224; 227*228 ; 281; 23;J 

‘ Baroco,’ 225 

Basis : of diviriou, 71-72 

of induction^ 279-284 

— ^of syllogistic reasoning, 203- 
204 

Berthelot: experiments on argon, 
418 

Bias ill observation, 311-812: 321- 

822 
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Biolojcry ; method in, 393 
Blind experiment, 317'318 
‘Bocardo,’ 226-226 ; 232 
Boccaccio : fallacy of roaeted etork, 
66-67 

Boeanquet ; on ohservation and 
experiment, 314 

Bradley: on logic of relativee, 276 
' Bramaiitip,’ 226 

Breivstcr ; on theory of light, 429- 
430 

Broivn : on hypotheses. 3^43 
BucUe : on constancy or suicide-rate, 
451 

Burke: on false oimlogy between 
cx)mmuuity and individual, 363- 
3G4 


Ocmom ; of mixed disjunctive syllo- 
gism, 250 

of mixed hypothetical syllogism, 

243 

of pure syllogism : categorical, 

206-215 


disjunctive, 216 

h^otheticalj 216-216 

Oategorical propositions, 97-104 ; 
106-108} 121-123; 128-136; 
189-163 


syllogism, 201-202; 203-216; 

217'230 : 23f239 
' Causa cognoscendi,’ 18 

essendi,* 18 

vera,* 347-348 

Causatioa, 294-306 

and classification, 91-99 

and ccmservation of energy, 

304-305 


and indestructibility of matter, 

304 

and time sequence, 296-300 

axioms of, 300-305 

fnncrion of concept of, 294-295 

nature^f , lKN5-30i) ; 300-302 

Causes : plurality of, 303-304 ; 369- 
870 ; 373 874; 876 

* Celarent,* 226 
‘Cesare,* 232 

* Cossaute causa cessat ofFectus,' 299 
Chains of reasoning, 261-269 
‘Chlorophyll,^ 871 

‘ Circnlus in definiendo,* 62-64 
Oircnnistanttal evidence, 396-399 


Class-inclusion view of predication, 
114-116 

Class terms, 23-26 
Classification : advantages of, 91 

affinity in, 86 ; 88 

alphabetic, 84 

— - and evolution, 88-91 
j ' — and explanation, 442-443 
I ~ — and formal division, 81 
- — and language, 82 

and the predicables, 45 

and unity of nature, 294 

artificial, 83-86 

bases of, 87-88 

causation as principle in, 01-92 

diagnostic, 86 

{general, 88 ; 86-91 

imi>orfection of, 90 

limits of, 91-92 

natural, 86-8() 

nature of, 81-83 ; 88-91 

scientific, 86-91 

special, 82 ; 83-86 

subsumptive, 90 

Clcrke : on auroral frequency ^d 
solar and magnetic activity, 
888 

on motion of Uranus, 891 

Clifford: on error in observation, 
434 

on limita of accnrate measure- 
ment, 434 

on proof of liypothesis, 366 

on scientific thought, 839 

Co-divisioD, 71-72 

Co-existepce and method of agree- 
ment, 374 

Collective names, 24-25 
Conicnius: use of term ‘nature,* 
62-63 

‘ Compositio * : fallacy, 6^69 
Conclusion of syllogism, 198-199 
Concomitant Variations : method of, 
883-388 ; 403 ; 409 
Concrete terms, 85-37 
Conditional propositions, 107 ; 137 : 
154 

Connotation, 26-29 ; 31-33 

difficulties of assigning, 29 

limits of, 28-29 

of proper name^, 27-^ 

relation to denotation, 81*33 

‘ Consequens,' 168-159 
CoDservatioii of energy, 304-306 
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Contradiction : of propositions, 16- 
17; 13M33 

of terms, 16-17 j 34-35 

principle of, 16-16 ; ISl ; 132 ; 

134 

Contraposition of propositions, 140- 
152; 154; 155 

fallai’jes in, 159 

Contrapositire, 1*10 

Contrariety : of propositions, 132-133 

of terms, 16-17; 35 

Converse, 144 

* Convovsio per accidens,’ 14o-lt6; 

1*7 

Conversion of propositions, 144-140; 
154; 165 

fallncice in, 145-146; 148; 167- 

150 

Converteud, 144 
Copula, 19; 98; 99 
Corollaries from rules of pure syllo- 
gism, 213-215 
Correlative terms, 37-38 
Counteracting causes, 382 ; 463 
Creighton : on Darwin's power to 
infer, 182 

on unit in statistics, 450 

* Cfoc^Ioii/ 259 

Crookes : experimenta on argon, 416 
Crucial instances, 350-352 
‘ Cum hoc, ergo propter hoc,* 462 


Darwin : his theory of descent and 
definition, 56 

observation of orchids, 323-32-4 

observations on formation of 

vegetable mould, 400-404 

on ebbing wells, 3i4-385 

on'fnngus o»^ beech-tree, 372 

on genealo^cal classification, 
88 ; 89-90 ; 91 

Davis : on character of proof, 188 

on paronjrmns, 65 

on * petitio principii ’ in Aris- 
totle, 188-189 

on question-begging epithets, 

186 

Davy: expeiinieots on electrolysis 
iif water, 380 

Deakin. A. : analogy from speech 
of, 3ft 

Dednctidh: relation to induction, 

175 - 177 } 279 } 285-286 


Deductive reasoning : nniversal ele- 
ment in, 270-271 

Definition : analytically formed, 46 

I and dMcription, 67 

-- circle in, 52-5^1 

fallacies of, 58-70 

formation of, 54-66 

functions of, 46-47 

genetic, 66-67 

. ' ignotum per aeque ignotum,* 

52 

— * ignotum per ignotius,' 52 
limits of, 4S-50 

negative, 54 

nominal, 54-66 

‘ per genus et difforontiam,’ 47 ; 

48 

principles of, 50-64 « 

provisional nature of, 49-50 

real, 54-56 

too narrow, 51 

too wide, 61 

utility of, 46-47 

De Morgan : example of ambiguous 
middle, 208 

' - - on ambiguity of ‘ all,* 69-70 
• on ambiguity of terms, 01 ; 6.3 ; 
64 

on ambiguous sentences, 122 

on errors in mcaHuromeiit, 435- 

436 

on fsllacies * a dicto s.q.,’ 60 ; 

67-68 ; 68 

on ‘ ignoratio elenchi,' 190 ; 

191; 191-192; 193 

on meaning of ‘ fallacy,* 58 

on method of induction, 28.“ • 

286 ♦ 
on squaring the circle, 185 
— on sympathetic powder, 324 

i on utiUtv of balaucf'i, 431-'132 

I on validity of syllogism, 2/3- 

{ 274 

! Denotation, 29-83 
Description, 57 
Diagnostic classification, 85 
Diagrams: Killer’s, U7-119 

illustration of conversion, 146 ; 

147; 148 

- nature and use of. 116-117 

- - - representation of propositions 

by, 118 -no 

rejiresjmtetiou of syllogisms by, 
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Diohotorny : division by. 

‘ Dictum do oinni et nullo,’ 201-207 
J )itT«;roTu e : method of, 377-'iH;i ; 401; 
410 

• Dilforentirt/ 30 ; 10-41 
Dilemmas: dcHnition of, 232-253 
foniH (if, 2‘ 3 257 

rolmUiii^', 257-259 

‘Dimarirt,’ 232-2iW 
Diro(;t mot hod of ittduction, 2H1-2.S6; 
3<i7-3!)l 

rodiirtion, 230-238 

Dwrourso : uuiviTso of, 30-31 
Dwrovory ; method of, l(I3-l()tj 109- 
171 

Ditijunctive propositions, 109-112; 

124; 137-i:i8; 155 
—4 - 8yUoj!:ism : (mixed), 201-202 ; 
249-252 

(pure), 201-202; 210; 233 

Distribution' of tcriii'^, 103-104 

* Divisio * : fallacy, (58 ; 09-70 
*Divisio non facial saltuni,’ 72 
Division ; and classification, 61 
' basis of, 71-72 

- • bifid, 78-61 

“ - character of, 71-76 

-- — dichotomous 76-81 

distiiijtrui.shecl from partition and 

analysis, 74 
fallacies in, 96 

- - material element in, 73-74 

- operations resemblin;?, 74-75 

- - principles of, 76-76 

relation to definition, 73 

too narrow, 76-77 ; 78 

too wide, 76-76 j 77 

utility of, 72-73 


Bdnetions: contraposition, 149-162; 
164; 166 

conversion, 144'149; 164; 165 

definition of, 127 ; 139 

fallacieTin, 167-169 

inversion, 162-163 ; 164 ; 166 

kinds of, 139-142 

obversion, 14S-144; 164; 166 

• of categorical propositions, 139- 

163 

— of disjunctive propositions, 166 

— of hypotlietical propositions, 

164 

— table of chief, 163 


Effect, 296-805 

Empirical generalisations : 447 ; 448- 
‘162 

fallacies of, 461-462 

subsumption under wider 

theory, 458-460 
‘ End * : ambiguity of, 60 
Energy : conservation of, 304-305 
Enthymemos : definition of, 260 

orders of, 260-261 

Knumerative induction : 364-366 

relation to analogy, 356-357 

relation to generalisation, 

445 ; 447^ 

Epicheiremas : definition of, 268 

kinds of, 268-269 

Kpisyllogism, 262 

Episyllogistic chains of reasoning, 
262-263; 264-268 
K((uivoc«l terms, 20; 74-76 
Established trntlis : 452-^458 

fallacies, 463-465 

Euler : diagrammatic representation 
of propositions, 117-119 
Evidence : circumstantial, 398-39*9 

negative, 323-324 

Evolution and classification, 88-91 
Excluded Middle : principle of, 16- 
17; 131; 132; 134 
Exclusions : method of, 376-377 ; 
403; ‘464; 409 

Exporieuco and uniformity of nature, 
290 292 

Exiienuient: aim of, 317-320 

blind, 317 318 

method of, 377-383 

— natural, 314 315 

- ™ nature of, 316 

negative, 317-320 

observation by, 313-31,7 

positive and negative, 418 

symbolic statement of problem 

of, 317 

* Experimoutum cnicis^* 350 
Explanation and classification, 442- 
443 

and generalisation, 444 458 

and hypothesis, 338 

and induction, 443 

and knowledge, 3-6 

and statistics, 4^2 

and systematisation, 4b8 460 

fallacies of, 461-466 ^ 

in mathematics, 463-467 
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lExplanation : limit of, 460 

natnre of, 44^1 

popular, 441 412; 444 

scion tifir, 4^11 

Exposition: method of, 161-162; 
170 

Extension, 33 
Extremes of syllogism, 199 


Fallacies: ‘ Accent us,’ 122 123 

* a dicto s.q.,’ (w tX 

‘^iquivocatio,’ (iO ti4 

* Ainphibolia,’ 121-122 

* Conipositio,’ (W 69 

concept embracing incompati- 
ble attributes, 69 00 
‘ Divisio,’ 08 ; 09-70 
- false analogy, 301 306 

- - false opposition j 160-167 

- ‘ Figura dictionis,’ 04-66 

- - four terms, 207-208 ; 277-278 

- -- ‘ Igiioratio eleuchi,’ 189-194 

illicit contraposition, 169 
illicit (^mversion, 145-146 ; 148 ; 
167*169 

- — illicit inversion, 159 

illicit major, 210 21 1 ; 277 

- - illicit minor, 210, 277 

in disjunctive propositions, 124 

in division, 96 

in hypothetical propositions, 123 

in immediate inference, 166- 

169 

in judgment, 120-124 

in method, 183-196 

nature of, 68-69 

* non propter hoc * or * non se- 

quitur, 194*196 

of juefinitiofi, 68-70 

of explanation, ^1 466 

of generalisation, 401 466 

of observation, 320 327 

‘ Petitio principii,’ 183 189 

‘ Flures mterrogationes,’ 160- 

167 

undistributed middle, 209*210 ; 

277 

Faraday : experiments on electrical 
conduction, 350 

fixperimentB on source of power 

*0 voltaic pile, 409411 
‘Festino/ 228-230 
* Figura dictionis,’ 64-65 


Figure : definition of, 217 

distinctions of, 217-218 

in pure disjunctive syllogism, 

238 

in pure hypothetical syllogism, 

231-233 

special rules of, 218-219 

First Figure : specif rules of, 218 
Formal Logic, 6-7 
Foucault : experiment on velocity of 
light, 430 

Four-fold scheme of propositions, 
102-19.3 

Fourth Figure : special rules of, 219 
FutvLer : on fallacies of observation, 
322 

on undue respect for authority, 

462 . 

Frcnr\et : experiments on light, dSo ; 
427 ; 429 

‘ Fundameutum divisionis,’ 71 

relationis,’ 88 

Fungus on U'ceh-tree, 872 


Oeikie : example of method in geo- 
logy, 391-896 

General: classification, 88; 80-91 

proposilioDS, 100-101 

terms, 21-26 

Generalisation ; 441-468 

and explanation, 414 ; 417-448 

bases of, 287 

empirical, 447 ; 448-462 

error in, 446-447 ; 463 

fallacies of, ^1-465 

in mathematics, 463-467 

nature of, 441-416 j 417'448 

of fact, 444 

of law. 414 

Generic judgment, lOt : 106*107 
Genetic dettnilion, 56-5/ 

* Genus,’ 39 ; 40 

Geology : method in, 894896 
Glacial action : trausportof* erratics,* 
391-3% 

Gorlcniaii sorites, 264 ; 266-266 ; 
207-268 

* Government* : aml^nity of, 62 
Grammar : relation to logic, 12 
Graphical representation of varia- 
tions, 386 

Gravitation : establishment of theory 
of, 393-394 
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Green : on nocessary truths, 457 
— ^ on uniformity ot nature, 2U0 ; 292 


Henry VI II and the parliament of 
1629, 419-124 

Heri^chel : on fallacies of observa- 
tion, 32r>-327 

on fusion of marble, 319-350 

on quantitative statement of 

laws, 432 

— -- on theories of li^ht, 351-352 
llihhen : example of limitation of 
concomitant variations, 387 
History; method in, 390-398 
flobJwnHr: on chloropliyll, 371 
on rircinnataulial evidence, 398. 

on hidden causes, 392 

-on ideal and actual knowledge, 

400 

on permanent facts in nature, 

374 

ifnvvcns ,• and theory of light, 426- 
420 

‘ Hypotheses non fingo,’ 341^ 
Hypothesis ; agroenituit with fact, 3 18 

and analogy, 353 

conditions of establishmeut of, 

300 

conditiona of validity, 315-348 

definition of, 286 

descriptive, 311 

direct doveUqnnent of, 367-391 

establishment of, 86(3 399 

extension of, 3 18-350 

function of, 33S-339 

inception of, 353-360 

indirect est:iblishmeut of, 391- 

399 

— ^ kinds of, 311-345 

meaning of, 338-339 

nature of, 338-353 

origin of, 339-342 

snggestifUi of, 339-312 

testing of, 343 

working, 315 

Hypothetical ; propositions, 104109 ; 
lio-lll; 121; 136-137; 154 

syllogism (mixed), 201-202; 241- 

248 

(pure), 201-202; 215- 21G; 

231-233 

* Hysteron proteron,* 185^187 


Identity : principle of, 1415 ; 129 

* Ignoratio elenchi,’ 189-194 
Illative conversion, 145 

l iUcit process, 210-211 ; 277 
Illusion, 307 ; 326-327 
Immediate Inference : and laws of 
thoiiglit, 15; 17 

kinds of, 12^127 

nature of, 125-126 

‘ Imperfect Induction,’ 282 
Import of categorical propositions, 
113-116 

Incompatibility of terms, 33-33 
Indesignate propositions, 102 
Indirect method of induction, 285 ; 
391-399 

reduction, 238-239 

liulivuhml terms, 20-23 
Induction : and analysis, 283-284 

— — and cx))la nation, 443 

Aristotle's doctrine, 281-282 

assumptions underlying, 280- 

281 

basis and aim, 279-284 

beginnings of, 353 

enumerative, 281-283 ; 364355 

— examples of. 4(K4430 

— — imperfect, 282 

~ - meaning of, 176 

method of, 2S 4-286 

--- -- nature of, 279-286 

perfect, ^2 

-- - postulates of, 287-305 

relation to deduction, 176-177 ; 

279; 285-286 

Inductive inference : nature of, 284- 
28t> 

Inference : and system, 180-182 

as characteristic of method, 

175-1?J 

definition of, 125 

formal factor in, 170 

‘ from known to unknown/ 177- 

178 

immediate, 125-169 

in observation, 308-300 

material factor in, 179 

nature of, 177*179 

pei-sonal factor in, 182 

relation of induction and de- 
duction, 175-177 ; 279; 285- 
286 

^ — universals in, 178-179 

* lufima species/ 40 
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* Iilsei^Ue accideiw/ 4S48 
Intension, 83 
Inverse, 162 

Inversion : fallacies in, 159 

of propositions, 162-168i 164; 

156 

Invertend, 152 


Jevons: on accnracy in mensnre- 
rnent, 433 ; 4^ ; 485 

on bias in observation, 812 

on colonrs of mother-of-pearl, 

371 

on ether, 347 

on fnllacics of observation, 323 

on hypotheses and inference, 

on natural experiment, 816 

on negative experiment, 318 

on theories of light, 351 

on working hypotheses, 316 

Joint Method, 376-377 
Joseph : on origin of mathematical 
principles, 465 

Judgment : geiioric, 101 ; 106-107 

impersonal, 97 

nature of, 96-99 ; 104-107 ; 109- 

110; 113-116 

unity of, 99 {see Propositions) 


Keplei’ : discovery of laws of plane- 
tory motion, 342 

scientific caution of, 343 

Knowledge : and error, 6 

and explanation, 8-5 

and language, 1 

and sepai-ate sciences, 4 

general metliod of, 160-182 

imperfection of, 1-3 

nature of, 1-5 

postulates of, 13-18 ; 287-305 


Lamh ; quotation of pun, 68 
Language : ambiguities of, 13 
‘ Law ^ and ‘Theory,’ 366 
Laws of Thought : and immediate 
inference, 15 ; 17 

general cliaractcr of , 13-14 

• — relation to contradiction, 

131 

-- - zelatun to contrariety, 132 


Laws oi Thought : relation to mixed 
disjunctive syllogism, 249 
^relation to mixra hypo- 
thetical syllogism, 242 

relation to subaltematiou, 

129 

relation to sub-contrariety, 

134 

relation to syllogism, 203- 

204 1 205 

Laws, quantitative : nature of, 432- 
435 

Least squares : method of, 489-440 
hexhniz i on value of syllogism, 277 

principle of sufficient reason, 17 

Lewis : on disregard of counteract- 
ing causes, 463 

on interaction of cause |md 

effect, >t4vV'165 
Liard : on habit, 289 
Light: corpuscular theory of, 861- 
352; 42 W30 

velocity of, 390-391 

wave theory of, 351-352 ; 424-430 

* Litigiosus,' 25^259 
Locke: on care in generalisation, 
173-174 

Logic : definition of, 9 

function of, 6-9 

goDcral relation to other know- 
ledge, 9-13 

material or applied, 7-9 

of relatives, 275-277 

“ — origin of, 6-9 

pure or formal, 6-7 

relation to grammar, 12 

relation Ui psychology, 11-12 

value of, 7 ; 9-11 • 


Mace: on decline of American 
Confederation, 397 
Mach : on unity of nature, 293-291 
Mackenzie: on fallacies In Mill’s 
Utilitarianism^ 04 ; 68-69 

on false analogy in Plato, 862 

on simple observation, 811 

Magnetic storms : {teriodical varia- 
tion of, 388 

Magnitude: determination of, 436- 
440 

Major premise, 199 

term, 199-201 

Mal-obeervation, 825-327 
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Malug : relation of polarization and 
reflection, 3U 

Mathematic? : logical nature of, 
4o3 457 

method in, 104-16(5 

Matter : indestructibility of, 304 
Means : method of, 136-431) 
Measurement : and concoinltHiit 
variations, 385 

elimination of (irror in, 435-<i36; 

436-110 

importance of, 431-432 

limitations of accuracy, 432- 

436 

nature of, 431-136 

‘ Membra dividcntia,’ 71 
Memory : untrustwovthiness of, 333- 
«34 

Merz: ou atoms as descriptive hy- 
potheses, 314 

ou value of corpuscular thcoiy, 

.315 

Metaphors : fallacies due to, 362- 
3a'» 

Method : analysis and synthesis, 
161.171 

and facts, 172173 

and inference, 177-170 

and system, 180-182 

fallacies in, 183-106 

— - inferential nature of, 175-179 

nature of, 160-161 

of induction, 284-286 

of knowledge, 160-182 

rules of, 171-174 

Methods of enquiry (direct) : Agree- 
ment, 370 375 

— character of, 367-370 

Concomitant Variations, 

388-388 

Difference, 377-383 

Exclusions, 375-377 

limitations of, 368-370 ; 

391-892 

ResIBues, 388^391 

symbolism of, 368-369 

_ (indirect), 391-399 

Middle term. 199-201 

— ; undistributeil, 277 

Mill: fallacies in Ut Uttar ianimw^ 
64; 68 

- — methods of direct enquiry, 367 
{see Methods) 
oneuBibignoua terms, 62 


Mill : on fallacies of observation, 
320; 321; 325; 326 

on first law of motion, 387- 

388 

on Inference from particulars, 

270; 271 

on order of nature, 289 

— “ on resemblances in analogy, 
359 

on unifonnity of nature, 292 

on validity of syllogism, 272 

Minor premise, 199 

term, 199-201 

Mixed syllogisms, 241-269 (see 
Hyllogisia) 

Mnemonic lines, 223 

explanation of, 235-236 

‘ Modus poncns,* 2U-248 

tollons,’ 24424S 

‘ Money * : ambiguity of, 62 
Moods : determination of, 219-222 

examples of valid, 224226 

in pure disjunctive syllogism, 

233 

in puio hypothetical syllogism, 

2i51-233 

names of, 223 

of mixed disjunctive syllogism, 

2,‘)0-252 

of mixed hypothetical syllogism, 

242-218 

proving A, 220 

proving X, 220 

proving I, 220-221 

proving O, 221-222 

‘ Mother-of-pearl ’ : colours of, 871 


Name : and terms, 19 
Natural: classification, 85-86 
kinds, 86 

* Nature * ; ambignity of, 62*63 
I Necessary truth defined, 452 
Negative evidence : care in accept^ 
iug, 323-32^1 

premises, 211-213 

Neptune : discovery of, 341 ; 390 ; 
391 

Newton : and theory of light, 426 

scientific caution of, 613 

Nomenclature : scientific, 9S4t>4 
Nominal definiUon, 5456 
K^on-observation : fallacies of* 32(4 
825 
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* Nod propter hoc * or * non sequitur,* 


Obsen'atiou : and method of agree- 
ment, 873 

and scientific Instruments^ 812- 

813 

basis of science in, 806-8<)7 

bias in, 311412 ; 321-822 

■ by experiment, 313-317 

fallacies of, 320-327 

inferential nature of, 308-309 

infliionce of knowledge in, 310- 

311 

liability to error, 307-308 

selection in, 309-311 

Obverse, 142 

Obversion ; of propositions, 142-144; 
ini; 165 

Obverted Contraposition, 160 

Con\ei*sion, 149 

Obvertend, 142 

(H)*zcw8lii : experiwontson argon, 417 

Opposite terms, 35 

Opposition: contradictory, 131-132 

contrary, 132-133 

definition of, 12t>-127 ; 128 

fallacies in, 160-157 

of categorical propositions, 128- 

130 

of disjunctive propositions, 137- 

138 

of hvi>othetical propositions, 

13(bl37 

square of, 134-135 

subaltern, 1^-130 

sub-contrariety, 133-134 

snmmarv of, 1&V130 

Ostonsiire redfucuon, 230-288 


Parliament of 1629 : Henry VIII 
and, 419424 

Particular premises : arguments in- 
volving, 214-215 

propositions, 97 j 101-102 

Fasteur : experiments on spon- 
taneons generatioD, 319-320 ; 
880481 

hlivestigatioiis in silkworm dis- 
ease. 404409 

the Silkworm disease, 374- 

875 


‘ Petitio prmcipil,' 188-189 

and syllogism, 271-276 

‘ Petitio qnnesiti,’ 184 
'Phlogiston,* 311 
Physical partition, 74 

sciences : certainty in, 458-467 

Plato i false analogy in, 302 

use of term ‘ nature,* 08 

Plnrality of causes, 303-304 ; 389- 
370; 373-374; 376 
‘ I*lures interrogationes,* 160-167 
Pollard : on parliament of 1529, 
419421 

Polylcmma, 253 

Pori)hvrv : scheme of predicablos, 
”39-40 

tree of, 43 

T*ositive terms, 83-34 • 

‘ Post hoc, ergo nropU^r hoc,* 462 
I’o'itnlates : of uedurtive inference, 
203210 

of induction, 287-305 

Pouch vt : experiments on spon- 
taneous generation, 319 ; 880-381 
Powell, Jioden : on monk and sun- 
spcjts, 183 

Predicables ; definition of, 39 

general remarks on, 4-1 

Porphyry’s sclierae of, 39-40 

Predicate, 19 ; 9H-W 
Predication : class-inclusion view of, 
114-110 

meaning of, 113 

predicative view of, 113-114 

Prejudice and observation, 311-312; 
321-322 

and testimony, 332-333 

Premises, 198-201 • 

Principles : of definition, 60-64 

of logical division, 76-78 

Privative terms, 35 
Progressive chains of reasoning, 262- 
203 ; 204^208 
Proper names, 21-22 
Propositions : analysis of, 19 

ana1;rtic or verbal, 4446 

definition of, 96 

kinds of, 96 

quality of, 97 

quantity of, 97 

synthetic or real, 4446 

categorical: analysis of, 98-99 

contradiction of, 1^17; 

181-182 
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iio 


Propositions categorical : contra- 
position of, 149-162 
■ contrariety of, 132-183 

— conversion of, 144-149 

— —— definition of, 97 
distribution of terms in, 

103-11)4 

eductions of, 139-163 

— fou^fold scheme of, 102- 

103 

import of, 113-116 

“ inaosignato, 102 

inversion of, 162-163 

inisiuterprotation of, 121- 

123 

nature of, 97-98 

' obversioii of, 142-141 

♦ — -- opposition of, 128-136 
- particular, 101-102 

— - - qualitv of, 90-100 

' ■ (piautlty of, 100-102 

— — -■ singular, 100-101 

- subaltornatioii of, 129-130 

— sub-contrariety of, 133-131 

universal. 100 

disjunctive : definition of, 109 
eductions of, 166 

— interpretation of, 109-110 

■ mi8interi»retntioii of, 121 

nature of, 109-110 

- - opposition of, 137-138 

quality of, 111-112 

quantity of, 112 

relation to categorical, 111 

relation to hypothetical, 

110-111 

hypothetical : definition of, lO-l 

— eductions of, 164 

misinterpretation, 123 

nature of, 104-107 

opposition of, 136-187 

quality of, 108 

quantity of, 108-109 

relation to categorical, 107- 

10^ 

relation to generic judg- 
ment, 106-107 
‘ Proprium,’ 89 ; 41-42 
Prosyllogisui, 262 

Prosyllogistic chains of reasoning, 
m ; 268-269 

* Prozimam genus^’ 40 
Psychology : relation to logic, 11-13 

* Publish^: ambiguity of, 61 


Puns : as fallacies, 68 


Quality : definition of , 97 ^ , 

of catca(»rical propositions, 99- 

UH) 

of di^jnnctive propositions, 111- 

112 

— of hypothetical propositions, 108 
Quantitative determination, 131-440 
Qiiai.t’ty : definition of, 97 

of categorical propositions, 100- 
102 

— of disjunctive propositions, 113 

— of hypothetical propositions, 

1 08. 100 

Quatrefayea : on silkworm disease, 
44)6 


Jiahier : on bias in observation, 812 
' on experiment, 316 

on probability of testimony, 

334-335 

Ramaay ; experiments on argon, 
411419 

Rayleigh: experiments on argon, 
411419 

Read: on cansation and classifica- 
tion, 92 

Heal definition, 54-66 

j)ropo8itioi]8, 4446 

Rebutting a dilemma, 257-269 
* Kc<lnctio ad absurdum,’ 238 239 
‘Rednetio per impossibile,’ 195; 
238-239 . 

Reduction : direct, 236-238 

function of, 234 

kinds of, 236-239 

indirect, 238-330 «• 

mnemonics for, 236-236 

of mixed disjunctive syllogism, 

261 

of pure hypothetical syllogism, 

240 

ostensive, 236-288 

Regressive chains of reasoning, 263 ; 
268-269 

Relative terms^ 87-88 
Relatives : logic of, 276-277 
Residual phenomeua, 841'-84%. 
Residues : method of, 888-391 ; 411 
Rdmer : determination of velocity of 
light, 390-391 



INbSX. 


Jlomseau : use of term * nature/ 63 
Kules of pure syllogism : derivation 
of, 206~m 

— examination of, 207-213 

corollaries from, 213-21G 

Buies of method, 171-174 
Rumford, Count: heat and energy, 
810 


Science : basis of, 306-807 

meaning of, 160 

Scientific classification, 86-91 

instruments, 312-313 

nomenclature, 92-94 

terminology, 94 

Second Figure : special rules of, 218 
Selection of matter in ohscnatiou, 
309-311 

‘ Separable accidens,* 4243 
Sidtjti'ick : on resemblances in ana- 
logy, 359 

— on seeking for a definition, 47 
Sigivart : on statistical uniformities, 
452 

on imiformit> of nature, 290 

Silence : argntnoiit from, 337 
Silkworm disease, 404-919 
Sincerity in testimony, 330-331 
Singular proimsitions, lU<i-101 

terms, 20-23 

Smollett : false analogy in, 362 
Social phenomena : method in study 
of, 398 

‘ Some ’ : ambiguity of, 70 

meaning m, 101-102 

Sorites ; Aristotelian, 264-267 

definition of, 264 

(loclenian, 264 j 266-266 ; 267- 

kinds of. 264-266 

rules of, 267-268 

Special classification, 82 ; 88-86 
‘ Species,' 89 ; 40 

Spencer. H. ; fallacies in Bduca- 
tum.eSi 188; 194 
Spontaneous generation, 819-820; 
880-881 

Square of op^iUon, 184-135 
Statistical uniformities, 460-^162 
Stati^ics: an aid to explanation, 

BioH: definition of pmative terms, 

85 


5fl 

Strengthened syllogisms, 223 
‘ Subaltern,’ 129 
' Subalternans,' 129 
'Subalternant,’ 120 
‘ Subalternnto,’ 129 
Subalteniation, 129-180 
Sul)-contrariety, 183-134 
Sub-division, 72 
Subject, 19; 98-99 
Sufficient Beason : principle of, 17-18 
Suicides : constant ratio of, 450-451 
Sully: on illusion in observation, 
307 

‘ Summum genus,’ 40 
Run-Hp(»ts : periodical variation of, 
388 

Syllogism : basis of, 203-2(4 

chiiins of reasoning, 261 - 26 # 

' dcHnition of, 197 
dilemmas, 252-259 (see Dilem^ 
mas) 

elements of, 198-201 
enthymemes, 260-261 (see Eii- 
thymemes) 

— epiclieiremas, 268-269 (see 

Kpicheiremaa) 
fallacies in, 209-21 1 ; 277-278 

— formal nature of, 179 
- form of, 197-198 

functions of, 270-277 

kinds of, 201-:^2 

- matter of, 197; 198 

nature of, 197-302 

premises of, 198-201 

— relation to induction, 175-177; 

279 ; 285-286 

sorites, 261268 {»ee Sorifes) 

categorical : nxioms of, 2i04- 

205 

canons of, 205 215 

— — figures of, 217-219 

— moods of, 219-222 

reduction of, 231239 

representation by dia- 
grams, 226-230 

— rules of, 205-215 

strengthened, W 

weakened, 2& 

disjunctive (mixed) : basts of, 

249 

' — canon of, 260 

examples of, 251-262 

forms of, 249-261 

redactiop of, 
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Syllogiim, disjunctive (pare) ; figares 
and moo lH of, 233 

rules of, 210 

hyi)othetical (mixed) : basis of, 

242 

canon of, 243 

character of, 241 

cTiiinplcfl of, 210-2 Id 

moods of, 212-24(5 

(pure) ; figures and moods 

of, 2;U-233 

reduction of, 210 

rules of, 210-210 

S\llo;;istic nuisomiig : chains of, 
201 - 201 ) 

limitations of, 270 277 ; 271) 

uiiivorsai element in, 270 

271 

validity of, 27l-27‘‘» 

Synthesis : ns result of general 
Ijr'nciples, 106-107 

- in Matheiiiatics, lOHOO 

- “ - locieal and cheinu al distiu 

guishod, 107'10M 

method of, 101-102 

of degree, 270 

of identity, 2/0 

“ -- of space, 270 

- -■ of subject and attiibute, 270 
of time, 270 

relation analysis, 103-101; 

10(5; 107; 1611-171 

relation to deduction, 175 

Syiitbetic cliains of reasoning, 202- 
203 ; 2^1-268 

propositions, 44-45 

S}^stem : and knowledge, 4 

nature of, 180 

relation to inference, 176-176; 

. 1^182 

Systematisation : 458-460 

and subsumption of empirical 

laws, 4o8-lo9 


Terminology : scientific, 94 
'I'erms ; absolote, 37 
- al)8tract, 35-37 

class, 23-26 

(‘ollective, 24-26 

— - collective and distributive use 
of, 25-26 

concrete, 35-37 

— coimotatioii of, 26-29 ; 31-33 


Terms ; contradictory, 84r36 

contrary, 86 

definition of, 19 

denotation of, 29-31 

distribution of, 103-104 

equivocal, 20; 7475 

-- general, M-20 

individual, 20-23 

negative, 33-36 

positive, 34 

privative, 86 

relative, 87-38 

scientific, 61 

'Jestimony: accuracy in, 331-331 
and probability of fact. 33 1-335 

- — corroboration of, 33 1 

criticism of, 330-335 

criticism of iudii ect, 335-337 

importance of, 328-329 

non oral sources of, 335 330 
sincerity in, 330 831 

— value of, 329-330 
Tetralomina, 263 
‘Theory’ and ‘ 1 /Hw,’ 360 

Thinl Figure ; special rules of, 218- 
219 

Thonittoti, Sir WtlNani: experi 
meats on dift'usion, 382 
Thought : laws of, 13-18 
- — nature of, 1 -5 
‘ lotum divisura,* 71 
Tradition, 330-337 
Tree of Porphyry, 43 
Trilemma, 253 

'rrutlis : contingent, -453 ; 460-468 

establisbeu, 452-468 

necessary, 4!i3-468 

* 'J’u quoque,’ 193 


Ueberweg : on circle in definition, 
53 

on crucial instances, 350 

Undistvibiilcd middle, 209-210 
Uniformity of nature, 288-294 
Unity of nature : 288-294 

meaning of, 292-293 

origin of, 288-292 

scope of, 293-294 

Universal : in deductive reasoning, 
270-271 

t in inference, 179 

propositions, 100 lOl 

definition of, 97 
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Uuiverse of dbiconrge, 30 31 
Uni vocal terms, 20 
Uranus: iri«^i]larity in motion of, 
311; 390 ; 891 
* U tier ’ ; ambiguity of, 61 


Valiility of syllogism, 271-276 
Vogetiiule mould : formation of, 400- 
401 

Venn: on logic of relatives, 275; 
276 

‘ Vera causa,' 347-318 
Verbal dctinitiou, 65-50 

liropoditiouB, 44-45 

Voltaic pile: source of power in, 
409-411 


dfs 

Wallace: on varietiei of melons, 
360 

Water : electrolysis of, 880 
Wave theory of light, 424-480 
Weakened syllogisms, 228 
Wells : ebbing, 384.385 
Wheicell : on application of theory 
of gravitation, 349 

on fallacies of observation, 327 

on nomenclature, 93-94 

on Ptolemaic hypothesis, 344 

on suggestion of hypotheses, 

342 

on Umtaiive hypotheses, 348 

on tormiuology, 94 


1. L. 
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Ijogic^ Exercise's in* By P. C. Bartlett, M.A. 2b. 6d« 

EoijlCy Questions oUf with Illustrative Examples. By 
II. lloi.MAN, M.A., ttiici M. C. W. Irvine, M.A. 

2s. 6d. 

Esyehology^ A Manunl of* By G. F. Stout, M.A., 

1..L. I>. Third fud tion, Jinrise.d and L'ldarr/ed. Ss. 6d. 

Psycholoijy^ The <i round work of* By G. P. Stout, 
M.A., J.L. U., Fellow <>1 tlio UmuhIi Academy. 4b. 6d. 

The work is not uii ahnd^inent of the Manual of Pi^ychology. 
Even wlu'ie the in itter pi eseiited la Buhslaiitialiy the Bame, tlie iiunle 
ol picBcuLalKiii iH diilereiit. 


Ebucatton. 

Prlnfi/tlrit aud MvthodH of Teachtnff, By James 

W'ki ton, 1). Lit., M.A., lVolesK<»rof Kdiication in the University 
of Lcedn. Sicoud hJiUtioUf litcimd and Enlaryid. 58. 6d. 

The Teaching of Modern Subjects (frdm Prificipleg 
and Mi tfunh oj Tavlany). 

(1) The Ti-.a(;hin<j ok Knolish (Reailing, T.angnage, and Litera- 
ture). is. {T} Tiik Tea< HiNo (»r (iKo(;RAi-ny. 1 b. (.^) Tiik 

TKArniNo OF lii.sTOHV. i8. (4) The Tkxctuno ok Mathematics 

AM» S(:iK\( 10 . Is. 6d. (f)) Thk I ea< HiNo ok Mrsic. 6d. (H) The 

'J eA( JUNO uF Fokkion Lanihtages. 18. 

Eriueipies and Methods of Moral Training with 
Special llefevence to School i>iscipline. By F»o- 
L K«.or Jamfs Wli.ton, ll.Lii., M.A., and (L Bi.anokord, 
M.A., Leelnier in Fdueaiion in the Cambridge Ibuversity 
'I laming College. Ss. 6d. 

Principles and Methoefs of Physical Edneafion 
and Hf/fpene. hy W. P. Welfton. li.So., MaBter of 
Metluxi in tlie Universitv of Leid". With a Sketcli of tlia 
History of Ph}'sical Filueation by Professor James Welton, 
D.Lit., M.A. ■'48. 6d. 

Tliis t)o(*k is iiLo issued without the cliapters on Hygiene, under 
the title a/ At/acai^io/i. Sb. 6d. 


tlniY^crBitp ^Tutorial ptese XD.t XonDoiir TiCl.C. 
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% 

Experimental Esychology in lielation to 

tion^ An ihtro^lnctinn to. By C. W. Valkntinu, 
W.A., Nt. AikI. l^iecmrer in Kxpenmental l'8yolu»’ogy 

in the St. An({ro\^B ProMncui) Coritniitiee for the training of 
Teachers, and Assistant in Education in the University ot St. 
Andrews. 28. 6d. 

Psychology f Punfla mentals of. A brief account of 
the Matiire and Development of Menial Processes fur reauhera. 
By B. DuMvinLE, M.A., K.U.P. 43. 6d. 

Chilfl Mind. An Introduction to Psycholop^y for 

Teachers. By BknJAUin Dumviu.k, M.A , P.C. P. 28. 6d. 

Text^Iiook of Hygiene for Teachers. Bv R. A. Ltsticr, 
M.D., B.Sc., D.l'.If., McilicaJ Ollicerof ffcalth For llumpshiro, 
and Chief Medical Ollicer to liie Education Comnnttee. iflfed. 

Schofd Hygiene. By R. A. Lystkr, M.l) , B.Sc., D.P.H. 

Second tldUion. 38. 6d. 

School Organisation* By S. E. BTfAY, M.A., Inspector 
of Schools to the Lood< n County Council. With aChaptiT on 
“ Tlie Place of the Klernent.irv School in a National SysLem of 
Education," by Sir *J. 11. Yoxali.. Second KdUion. 38. 

School Training. By R. E. Hughes, M.A. 2s, 

The Life find Mark of Pestalozzi* r*y J. A. IlnEFif, 

M.A., Professor of E,4luoalion in the UnivcTsity of Sliellicld, 

4b. 6d. 

The Educational Ideas of Pestalozzi. By J. A. 

OitKEN, M.A. 28. 6d. 

The Educational Ideas of Eroebel. By J. Wiiitb, 

©.Sc. 18 

Synthesis of Froehel and Ilerbart. By R. D. Chalkb, 
M.A. , BE. D. 38. 6d. 

Tire chief ami of tlie hocik is to trace the lelation of Pcntalozy.!, 
FnK'lKd, and Herbart to each other and to the progress o; modern 
education. 

The Edgeuforths* A Study of Later Eigliteeiith-Centiiry 

Kduoation. By A- Patkr.son, M.A Edin , l*h. 1). Jar-a. Ib. 6d, 

I 

mnivcrstts Stttoriai press Xd., Xonooii, TSCt.^. 
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oj- Wemenfary Edw.ation in Enffinnd 0nd ^ 
\ Waieiif from IHOiK Bv 0 . BiRcHENoueif, A Leotiurer 
« ^ iti Kduciition and MaHter of Method at Slielfittld Uoivei'aitjr*' 

^ 4s. 6d. 

Kuture Study ^ the Aims awl Methods o/. A Guide 
for TmvkerM, By J<»hn Hknnik, D.tSc., F. R.S. E. With an 
Iniroduotion by Pmff'HPor J. Aitnur Tliomuoii. 8 b. 6 d. 

The Krea'ter part of the book in devoted to mrKlel coiirsea and 
model lesHOiis dealing with tvpioal Mtiidieis and designed tor all , 
giades in the school. Ail l>ran*jhes of nature study ate inoliided. 

Nature Study, the Aims anil Methods of (South 
African Kdiiion). By John Kknnik, l>.bo.» K.U.S.E., and 
(jBouob Kattuay, M,A., D.iSc. Sa. 6d. 

School hesHons in Plant and Animal Life, By Johmt 
Hknnib, I)..>c., F. K.S. E. 4s. ed 
A coiirHe of eiglity lessons in Xatiirt* Study, with full guidance to 
the teacher as t<i iiow to learn and how to teach the subject. 

School Oardeniny, with a Guide to Horticulture. 

By A. llosKiNo, lAicturer in Horticulture and Ciiiof Supervisor 
of School Gardens, West of Scotland Agricultural College. 
With nunierous illustratiuns and plana Sa. 6d. 

Tf^e Teaching of Drawing: its Aims and Methods. 

By S. PonAK and H. C. <^ii[i/r£R. 28 . 6 d. 

The scheme of the work falls tinder three beads as followa i — 
< 1 ) the aitna to bo kept in view in the teaching of Drawing, ('^) the 
methcxla by which a teacher should try to realise these aims, and 
( 3 ) the use of Drawing to illustrate lessons on drawing and onothec' ' 
Biibjeoia. ^ 

The Ti*nching of Needlework: its Aims and Methods. 

By Mias H. M. Bradley, B.A. la. 6 d. ^ i 

Fo<ee Training in Speech and Song. Bjr H. H. 

HinaiaiT. M.A., L.S. 0 . 1 ?. it. 64 

The Science ef Speech -, an Elementary Manual of^ 

PhonotiotlurTeaoliet'S. By B. Dvmviu.k, M.A., F. 0 .r. t.. ee.’ < 

Manual Training. By A. H. Jbmkiks. 


mnivereitt Hutomr Orefle Xd., londoiii 
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